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Hog Farms: = 2018  


Total BGs in NC = 6155 
BGs with Farms = 441 ( 7 %) 
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Do the block groups with the largest percentage of minority have the largest number of farms ???? 
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BY COUNTY: 


Number of Farms: 


 


 


  







Total Population by COUNTY for the STATE 


 


Percent Minority by COUNTY for the STATE 


 


  







Total Population by COUNTY for the COUNTIES WITH ATLEAST 1 SWINE FARM 


 


Counties show zero population because these counties did not have a swine farm. 


 


Percent Minority (%) by County for the COUNTIES WITH ATLEAST 1 SWINE FARM 


 


  







Different Radius/Buffers/Circles = 1 mile, 2-mile, 3-mile  


 


 


 


  







 


 


 


There are not any points with all 3-mile in the large 2 counties. 


 







1-Mile Radius - overlap 


 



























































































































































































































State of North Carolina 
Department of Environmental Quality 


Division of Water Resources 
Animal Feeding Operations Permit Application Form 


(THIS FORM MAY BE PHOTOCOPIED FOR USE AS AN ORIGINAL) 


NPDES General Permit – New or Expanding Animal Waste Operations 


 
FORM: AWO-NPDES-G-N/E 1/10/06       Page 1 of 5 


 


1. GENERAL INFORMATION: 
1.1 Facility name:       


1.2 Print Land Owner's name:       


1.3 Mailing address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.4 Physical address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.5 County where facility is located:       


1.6 Facility location (directions from nearest major highway, using SR numbers for state roads):       


1.7 Farm Manager's name (if different from Land Owner):       


1.8 Lessee's / Integrator's name (if applicable; circle which type is listed):       


1.9 Facility’s original start-up date:        Date(s) of facility expansion(s) (if applicable):       


2. OPERATION INFORMATION: 
2.1 Facility number:         


  
2.2 Operation Description: 


 
Please enter the Design Capacity of the system.  The "No. of Animals" should be the maximum number for which the waste 
management structures were designed. 


Type of Swine No. of Animals Type of Poultry No. of Animals Type of Cattle No. of Animals 


 Wean to Feeder        Layer        Beef Brood Cow       


 Feeder to Finish        Non-Layer        Beef Feeder       


 Farrow to Wean (# sow)        Turkey        Beef Stocker Calf       


 Farrow to Feeder (# sow)        Turkey Poults        Dairy Calf       


 Farrow to Finish (# sow)          Dairy Heifer       


 Wean to Finish (# sow)          Dry Cow       


 Gilts          Milk Cow       


 Boar/Stud       


  


 Other Type of Livestock on the farm:       No. of Animals:      







 


FORM: AWO-NPDES-G-N/E 1/10/06      Page 2 of 5  


 
2.3 Acreage cleared and available for application (excluding all required buffers and areas not covered by the application  


 system):        Required Acreage (as listed in the CAWMP):        


2.4 Number of lagoons:       Total Capacity (cubic feet):       Required Capacity (cubic feet):       


Number of Storage Ponds:       Total Capacity (cubic feet):        Required Capacity (cubic feet):       


2.5 Are subsurface drains present within 100' of any of the application fields? YES   or   NO   (circle one) 


2.6 Are subsurface drains present in the vicinity or under the waste management system? YES   or   NO   (circle one) 


2.7 Does this facility meet all applicable siting requirements? YES   or   NO   (circle one)  


3. REQUIRED ITEMS CHECKLIST: 


 Please indicate that you have included the following required items by signing your initials in the space provided next to each 
item. 


 Applicants Initials 
3.1 One completed and signed original and two copies of the application for NPDES General Permit 


- Animal Waste Operations;   


3.2 Three copies of a general location map indicating the location of the animal waste facilities and 
field locations where animal waste is land applied and a county road map with the location of the 
facility indicated;   


3.3 Three copies of the entire Certified Animal Waste Management Plan (CAWMP).  If the facility 
does not have a CAWMP, it must be completed prior to submittal of a permit application for 
animal waste operations.   
 
The CAWMP must include the following components.  Some of these components may not have been required at the time 
the facility was certified but should be added to the CAWMP for permitting purposes: 
 


3.3.1 NRCS Site Evaluation Form NC-CPA-17 or equivalent 
3.3.2 A hazard classification of the proposed lagoons, if required 
3.3.3 Documentation that proposed swine facilities meet the Swine Farm Siting Act, including a site map prepared by   


a Registered Land Surveyor.  The scale of this map shall not exceed 1 inch = 400 feet.  At a minimum, the site 
map shall show the distance from the proposed houses and lagoons to occupied residences within 1500 feet, 
schools, hospitals, churches, outdoor recreational facilities, national parks, state parks, historic properties, or 
child care centers within 2500 feet, property boundaries within 500 feet, water supply wells within 500 feet.  
The map shall also show the location of any property boundaries and perennial streams or rivers located within 
75 feet of waste application areas. 


3.3.4 Documentation showing that all adjoining property owners, all property owners who own property located 
across a public road, street, or highway from the facility, the local health department, and the county manager 
or chair of the county board of commissioners if there is no county manager, have been notified by certified 
mail of your intent to construct or expand a swine farm at this location. 


3.3.5 A wetlands determination 
3.3.6 The lagoon/storage facility design 
3.3.7 Proposed runoff control measures, if required 
3.3.8 Irrigation or other land application method design 
3.3.9 The Waste Utilization Plan (WUP) must include the amount of Plant Available Nitrogen (PAN) produced and 


utilized by the facility 
3.3.10 The soil series present on every waste disposal field 
3.3.11 The crops grown on every waste disposal field 
3.3.12 The Realistic Yield Expectation (RYE) for every crop shown in the WUP 
3.3.13 The PAN applied to every waste disposal field 
3.3.14 The waste application windows for every crop utilized in the WUP 
3.3.15 The required NRCS Standard specifications 
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3.3.16 Emergency Action Plan 
3.3.17 Insect Control Checklist with options noted 
3.3.18 Odor Control Checklist with options noted 
3.3.19 Mortality Control Checklist with options noted 
3.3.20 Documentation proving this facility is exempt from the Moritoria on Construction or 


Expansion of Swine Farms, if the application is for a swine facility 
3.3.21 A map showing the topography of the proposed facility location showing features 


that affect facility design, the dimensions and elevations of any existing facilities, 
the fields used for waste application, and areas where surface runoff is to be 
controlled 


 
If your CAWMP includes any components not shown on this list, please include the additional components with your 
submittal. (Composting, waste transfers, etc.) 


 
 
 
4. APPLICANT'S CERTIFICATION: 
I, ______________________________________________________________ (Land Owner's name listed in question 1.2), attest that 


this application for ______________________________________________________________(Facility name listed in question 1.1) 
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned to me as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


5. MANAGER'S CERTIFICATION: (complete only if different from the Land Owner) 
I, _____________________________________________________________ (Manager's name listed in question 1.6), attest that this 


application for ________________________ ________________________________________(Facility name listed in question 1.1)  
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


 


THE COMPLETED APPLICATION PACKAGE, INCLUDING ALL SUPPORTING INFORMATION AND MATERIALS, 
SHOULD BE SENT TO THE FOLLOWING ADDRESS: 


 


NORTH CAROLINA DIVISION OF WATER RESOURCES 
WATER QUALITY REGIONAL OPERATIONS SECTION 


ANIMAL FEEDING OPERATIONS PROGRAM 
1636 MAIL SERVICE CENTER 


RALEIGH, NORTH CAROLINA 27699-1636 
TELEPHONE NUMBER:  (919) 807-6464 


FAX NUMBER:  (919) 807-6496 
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6. SURFACE WATER CLASSIFICATION: 
 


This form must be completed by the appropriate DWR regional office and included as a part of the 
project submittal information. 


INSTRUCTIONS TO NC PROFESSIONALS: 


The classification of the downslope surface waters (the surface waters that any overflow from the facility would flow toward) in 
which this animal waste management system will be operated must be determined by the appropriate DWR regional office.  
Therefore, you are required, prior to submittal of the application package, to submit this form, with items 1 through 6 
completed, to the appropriate Division of Water Resources, Water Quality Regional Operations Supervisor (see page 6 of 10).  
At a minimum, you must include an 8.5" by 11" copy of the portion of a 7.5 minute USGS Topographic Map which shows the 
location of this animal waste application system and the downslope surface waters in which they will be located.  Identify the 
closest downslope surface waters on the attached map copy.  Once the regional office has completed the classification, 
reincorporate this completed page and the topographic map into the complete application form and submit the 
application package. 


6.1  Farm Name:       


6.2  Name & complete address of engineering firm:       


 


        Telephone number: (       )       -       


6.3  Name of closest downslope surface waters:       


6.4  County(ies) where the animal waste management system and surface waters are located      


6.5  Map name and date:       


6.6  NC Professional's Seal (If appropriate), Signature, and Date: 


 


 


 


 
TO: REGIONAL AQUIFER PROTECTION SUPERVISOR 


Please provide me with the classification of the watershed where this animal waste management facility will be or has been 
constructed or field located, as identified on the attached map segment(s): 


 Name of surface waters:__________________________________________________________________________ 


 Classification (as established by the Environmental Management Commission):______________________________ 


 Proposed classification, if applicable: _______________________________________________________________ 


 Signature of regional office personnel: ________________________________________  Date:_________________ 


 (All attachments must be signed) 
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DIVISION OF WATER RESOURCES REGIONAL OFFICES (9/05) 


 


Asheville Regional WQROS Supervisor Washington Regional WQROS Supervisor Raleigh Regional WQROS Supervisor 
2090 U.S. Highway 70 943 Washington Square Mall 1628 Mail Service Center 
Swannanoa, NC 28778 Washington, NC 27889 Raleigh, NC 27699-1628 
(828) 296-4500  (252) 946-6481 (919) 791-4200 
Fax (828) 299-7043 Fax (252) 975-3716 Fax (919) 571-4718 


Avery Macon Beaufort Jones Chatham Nash 
Buncombe Madison Bertie Lenoir Durham Northampton 
Burke McDowell Camden Martin Edgecombe Orange 
Caldwell Mitchell Chowan Pamlico Franklin Person 
Cherokee Polk Craven Pasquotank Granville Vance 
Clay Rutherford Currituck Perquimans Halifax Wake 
Graham Swain Dare Pitt Johnston Warren 
Haywood Transylvania Gates Tyrell Lee Wilson 
Henderson Yancey Greene Washington 
Jackson  Hertford Wayne 
  Hyde 


Fayetteville Regional WQROS Supervisor Mooresville Regional WQROS Supervisor Wilmington Region WQROS Supervisor 
225 Green Street, Suite 714 610 East Center Avenue 127 Cardinal Drive Extension 
Fayetteville, NC 28301-5094 Mooresville, NC 28115 Wilmington, NC 28405-3845 
(910) 486-1541  (704) 663-1699 (910) 796-7215 
Fax (910) 486-0707 Fax (704) 663-6040 Fax (910) 350-2004 


Anson Moore Alexander Lincoln Brunswick New Hanover 
Bladen Richmond Cabarrus Mecklenburg Carteret Onslow 
Cumberland Robeson Catawba Rowan Columbus Pender 
Harnett Sampson Cleveland Stanly Duplin 
Hoke Scotland Gaston Union 
Montgomery  Iredell 


Winston-Salem Regional WQROS Supervisor 
450 Hanes Mill Road, Suite 300  
Winston-Salem, NC 27105  
Phone (336) 776-9800 
Fax (336) 776-9797 


Alamance Rockingham 
Alleghany Randolph 
Ashe Stokes 
Caswell Surry 
Davidson Watauga 
Davie Wilkes 
Forsyth Yadkin 
Guilford 


 
 


 





		TO: REGIONAL AQUIFER PROTECTION SUPERVISOR






State of North Carolina 
Department of Environmental Quality 


Division of Water Resources 
Animal Feeding Operations Permit Application Form 


(THIS FORM MAY BE PHOTOCOPIED FOR USE AS AN ORIGINAL) 


NPDES Individual Permit - Existing Animal Waste Operations 


 
FORM: AWO-NPDES-I-E 1/10/06       Page 1 of 5 


 


1. GENERAL INFORMATION: 
1.1 Facility name:       


1.2 Print Land Owner's name:       


1.3 Mailing address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.4 Physical address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.5 County where facility is located:       


1.6 Facility location (directions from nearest major highway, using SR numbers for state roads):       


1.7 Farm Manager's name (if different from Land Owner):       


1.8 Lessee's / Integrator's name (if applicable; circle which type is listed):       


1.9 Facility’s original start-up date:        Date(s) of facility expansion(s) (if applicable):       


2. OPERATION INFORMATION: 
2.1 Facility number:         


  
2.2 Operation Description: 


 
Please enter the Design Capacity of the system.  The "No. of Animals" should be the maximum number for which the waste 
management structures were designed. 


Type of Swine No. of Animals Type of Poultry No. of Animals Type of Cattle No. of Animals 


 Wean to Feeder        Layer        Beef Brood Cow       


 Feeder to Finish        Non-Layer        Beef Feeder       


 Farrow to Wean (# sow)        Turkey        Beef Stocker Calf       


 Farrow to Feeder (# sow)        Turkey Poults        Dairy Calf       


 Farrow to Finish (# sow)          Dairy Heifer       


 Wean to Finish (# sow)          Dry Cow       


 Gilts          Milk Cow       


 Boar/Stud       


  


 Other Type of Livestock on the farm:       No. of Animals:      
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2.3 Acreage cleared and available for application (excluding all required buffers and areas not covered by the application  


 system):        Required Acreage (as listed in the CAWMP):        


2.4 Number of lagoons:       Total Capacity (cubic feet):       Required Capacity (cubic feet):       


Number of Storage Ponds:       Total Capacity (cubic feet):        Required Capacity (cubic feet):       


2.5 Are subsurface drains present within 100' of any of the application fields? YES   or   NO   (circle one) 


2.6 Are subsurface drains present in the vicinity or under the waste management system? YES   or   NO   (circle one) 


2.7 Does this facility meet all applicable siting requirements? YES   or   NO   (circle one)  


2.8 Brief description of treatment process:       


3. REQUIRED ITEMS CHECKLIST: 


 Please indicate that you have included the following required items by signing your initials in the space provided next to each 
item. 


 Applicants Initials 
3.1 One completed and signed original and two copies of the application for NPDES Individual 


Permit - Animal Waste Operations;   


3.2 Three copies of a general location map indicating the location of the animal waste facilities and 
field locations where animal waste is land applied and a county road map with the location of the 
facility indicated;   


3.3 Three copies of the entire Certified Animal Waste Management Plan (CAWMP).  If the facility 
does not have a CAWMP, it must be completed prior to submittal of a permit application for 
animal waste operations.   
 
The CAWMP must include the following components.  Some of these components may not have been required at the time 
the facility was certified but should be added to the CAWMP for permitting purposes: 
 


3.3.1 The Waste Utilization Plan (WUP) must include the amount of Plant Available Nitrogen (PAN) produced and 
utilized by the facility 


3.3.2 The method by which waste is applied to the disposal fields (e.g. irrigation, injection, etc.) 
3.3.3 A map of every field used for land application 
3.3.4 The soil series present on every land application field 
3.3.5 The crops grown on every land application field 
3.3.6 The Realistic Yield Expectation (RYE) for every crop shown in the WUP 
3.3.7 The PAN applied to every land application field 
3.3.8 The waste application windows for every crop utilized in the WUP 
3.3.9 The required NRCS Standard specifications 
3.3.10 A site schematic 
3.3.11 Emergency Action Plan 
3.3.12 Insect Control Checklist with chosen best management practices noted 
3.3.13 Odor Control Checklist with chosen best management practices noted 
3.3.14 Mortality Control Checklist with the selected method noted 
3.3.15 Lagoon/storage pond capacity documentation (design, calculations, etc.); please be sure to include any site 


evaluations, wetland determinations, or hazard classifications that may be applicable to your facility 
3.3.16 Operation and Maintenance Plan 
 


If your CAWMP includes any components not shown on this list, please include the additional components with your 
submittal. (Composting, waste transfers, etc.) 
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4. APPLICANT'S CERTIFICATION: 
I, ______________________________________________________________ (Land Owner's name listed in question 1.2), attest that 


this application for ______________________________________________________________(Facility name listed in question 1.1) 
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned to me as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


5. MANAGER'S CERTIFICATION: (complete only if different from the Land Owner) 
I, _____________________________________________________________ (Manager's name listed in question 1.6), attest that this 


application for ________________________ ________________________________________(Facility name listed in question 1.1)  
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


 


THE COMPLETED APPLICATION PACKAGE, INCLUDING ALL SUPPORTING INFORMATION AND MATERIALS, 
SHOULD BE SENT TO THE FOLLOWING ADDRESS: 


 


NORTH CAROLINA DIVISION OF WATER RESOURCES 
WATER QUALITY REGIONAL OPERATIONS SECTION 


ANIMAL FEEDING OPERATIONS PROGRAM 
1636 MAIL SERVICE CENTER 


RALEIGH, NORTH CAROLINA 27699-1636 
TELEPHONE NUMBER:  (919) 807-6464 


FAX NUMBER:  (919) 807-6496 
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6. SURFACE WATER CLASSIFICATION: 
 


This form must be completed by the appropriate DWR regional office and included as a part of the 
project submittal information. 


INSTRUCTIONS TO NC PROFESSIONALS: 


The classification of the downslope surface waters (the surface waters that any overflow from the facility would flow toward) in 
which this animal waste management system will be operated must be determined by the appropriate DWR regional office.  
Therefore, you are required, prior to submittal of the application package, to submit this form, with items 1 through 6 
completed, to the appropriate Division of Water Resources, Water Quality Regional Operations Supervisor (see page 6 of 10).  
At a minimum, you must include an 8.5" by 11" copy of the portion of a 7.5 minute USGS Topographic Map which shows the 
location of this animal waste application system and the downslope surface waters in which they will be located.  Identify the 
closest downslope surface waters on the attached map copy.  Once the regional office has completed the classification, 
reincorporate this completed page and the topographic map into the complete application form and submit the 
application package. 


6.1  Farm Name:       


6.2  Name & complete address of engineering firm:       


 


        Telephone number: (       )       -       


6.3  Name of closest downslope surface waters:       


6.4  County(ies) where the animal waste management system and surface waters are located      


6.5  Map name and date:       


6.6  NC Professional's Seal (If appropriate), Signature, and Date: 


 


 


 


 
TO: REGIONAL AQUIFER PROTECTION SUPERVISOR 


Please provide me with the classification of the watershed where this animal waste management facility will be or has been 
constructed or field located, as identified on the attached map segment(s): 


 Name of surface waters:__________________________________________________________________________ 


 Classification (as established by the Environmental Management Commission):______________________________ 


 Proposed classification, if applicable: _______________________________________________________________ 


 Signature of regional office personnel: ________________________________________  Date:_________________ 


 (All attachments must be signed) 
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DIVISION OF WATER RESOURCES REGIONAL OFFICES (9/05) 


 


Asheville Regional WQROS Supervisor Washington Regional WQROS Supervisor Raleigh Regional WQROS Supervisor 
2090 U.S. Highway 70 943 Washington Square Mall 1628 Mail Service Center 
Swannanoa, NC 28778 Washington, NC 27889 Raleigh, NC 27699-1628 
(828) 296-4500  (252) 946-6481 (919) 791-4200 
Fax (828) 299-7043 Fax (252) 975-3716 Fax (919) 571-4718 


Avery Macon Beaufort Jones Chatham Nash 
Buncombe Madison Bertie Lenoir Durham Northampton 
Burke McDowell Camden Martin Edgecombe Orange 
Caldwell Mitchell Chowan Pamlico Franklin Person 
Cherokee Polk Craven Pasquotank Granville Vance 
Clay Rutherford Currituck Perquimans Halifax Wake 
Graham Swain Dare Pitt Johnston Warren 
Haywood Transylvania Gates Tyrell Lee Wilson 
Henderson Yancey Greene Washington 
Jackson  Hertford Wayne 
  Hyde 


Fayetteville Regional WQROS Supervisor Mooresville Regional WQROS Supervisor Wilmington Region WQROS Supervisor 
225 Green Street, Suite 714 610 East Center Avenue 127 Cardinal Drive Extension 
Fayetteville, NC 28301-5094 Mooresville, NC 28115 Wilmington, NC 28405-3845 
(910) 486-1541  (704) 663-1699 (910) 796-7215 
Fax (910) 486-0707 Fax (704) 663-6040 Fax (910) 350-2004 


Anson Moore Alexander Lincoln Brunswick New Hanover 
Bladen Richmond Cabarrus Mecklenburg Carteret Onslow 
Cumberland Robeson Catawba Rowan Columbus Pender 
Harnett Sampson Cleveland Stanly Duplin 
Hoke Scotland Gaston Union 
Montgomery  Iredell 


Winston-Salem Regional WQROS Supervisor 
450 Hanes Mill Road, Suite 300  
Winston-Salem, NC 27105  
Phone (336) 776-9800 
Fax (336) 776-9797 


Alamance Rockingham 
Alleghany Randolph 
Ashe Stokes 
Caswell Surry 
Davidson Watauga 
Davie Wilkes 
Forsyth Yadkin 
Guilford 


 
 


 





		TO: REGIONAL AQUIFER PROTECTION SUPERVISOR






State of North Carolina 
Department of Environmental Quality 


Division of Water Resources 
Animal Feeding Operations Permit Application Form 


(THIS FORM MAY BE PHOTOCOPIED FOR USE AS AN ORIGINAL) 


State General Permit - Existing Animal Waste Operations 


 
FORM: AWO-STATE-G-E 1/10/06       Page 1 of 5 


 


1. GENERAL INFORMATION: 
1.1 Facility name:       


1.2 Print Land Owner's name:       


1.3 Mailing address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.4 Physical address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.5 County where facility is located:       


1.6 Facility location (directions from nearest major highway, using SR numbers for state roads):       


1.7 Farm Manager's name (if different from Land Owner):       


1.8 Lessee's / Integrator's name (if applicable; circle which type is listed):       


1.9 Facility’s original start-up date:        Date(s) of facility expansion(s) (if applicable):       


2. OPERATION INFORMATION: 
2.1 Facility number:         


  
2.2 Operation Description: 


 
Please enter the Design Capacity of the system.  The "No. of Animals" should be the maximum number for which the waste 
management structures were designed. 


Type of Swine No. of Animals Type of Poultry No. of Animals Type of Cattle No. of Animals 


 Wean to Feeder        Layer        Beef Brood Cow       


 Feeder to Finish        Non-Layer        Beef Feeder       


 Farrow to Wean (# sow)        Turkey        Beef Stocker Calf       


 Farrow to Feeder (# sow)        Turkey Poults        Dairy Calf       


 Farrow to Finish (# sow)          Dairy Heifer       


 Wean to Finish (# sow)          Dry Cow       


 Gilts          Milk Cow       


 Boar/Stud       


  


 Other Type of Livestock on the farm:       No. of Animals:      
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2.3 Acreage cleared and available for application (excluding all required buffers and areas not covered by the application  


 system):        Required Acreage (as listed in the CAWMP):        


2.4 Number of lagoons:       Total Capacity (cubic feet):       Required Capacity (cubic feet):       


Number of Storage Ponds:       Total Capacity (cubic feet):        Required Capacity (cubic feet):       


2.5 Are subsurface drains present within 100' of any of the application fields? YES   or   NO   (circle one) 


2.6 Are subsurface drains present in the vicinity or under the waste management system? YES   or   NO   (circle one) 


2.7 Does this facility meet all applicable siting requirements? YES   or   NO   (circle one)  


3. REQUIRED ITEMS CHECKLIST: 


 Please indicate that you have included the following required items by signing your initials in the space provided next to each 
item. 


 Applicants Initials 
3.1 One completed and signed original and two copies of the application for State General Permit - 


Animal Waste Operations;   


3.2 Three copies of a general location map indicating the location of the animal waste facilities and 
field locations where animal waste is land applied and a county road map with the location of the 
facility indicated;   


3.3 Three copies of the entire Certified Animal Waste Management Plan (CAWMP).  If the facility 
does not have a CAWMP, it must be completed prior to submittal of a permit application for 
animal waste operations.   
 
The CAWMP must include the following components.  Some of these components may not have been required at the time 
the facility was certified but should be added to the CAWMP for permitting purposes: 
 


3.3.1 The Waste Utilization Plan (WUP) must include the amount of Plant Available Nitrogen (PAN) produced and 
utilized by the facility 


3.3.2 The method by which waste is applied to the disposal fields (e.g. irrigation, injection, etc.) 
3.3.3 A map of every field used for land application 
3.3.4 The soil series present on every land application field 
3.3.5 The crops grown on every land application field 
3.3.6 The Realistic Yield Expectation (RYE) for every crop shown in the WUP 
3.3.7 The PAN applied to every land application field 
3.3.8 The waste application windows for every crop utilized in the WUP 
3.3.9 The required NRCS Standard specifications 
3.3.10 A site schematic 
3.3.11 Emergency Action Plan 
3.3.12 Insect Control Checklist with chosen best management practices noted 
3.3.13 Odor Control Checklist with chosen best management practices noted 
3.3.14 Mortality Control Checklist with the selected method noted 
3.3.15 Lagoon/storage pond capacity documentation (design, calculations, etc.); please be sure to include any site 


evaluations, wetland determinations, or hazard classifications that may be applicable to your facility 
3.3.16 Operation and Maintenance Plan 
 


If your CAWMP includes any components not shown on this list, please include the additional components with your 
submittal. (Composting, waste transfers, etc.) 
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4. APPLICANT'S CERTIFICATION: 
I, ______________________________________________________________ (Land Owner's name listed in question 1.2), attest that 


this application for ______________________________________________________________(Facility name listed in question 1.1) 
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned to me as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


5. MANAGER'S CERTIFICATION: (complete only if different from the Land Owner) 
I, _____________________________________________________________ (Manager's name listed in question 1.6), attest that this 


application for ________________________ ________________________________________(Facility name listed in question 1.1)  
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


 


THE COMPLETED APPLICATION PACKAGE, INCLUDING ALL SUPPORTING INFORMATION AND MATERIALS, 
SHOULD BE SENT TO THE FOLLOWING ADDRESS: 


 


NORTH CAROLINA DIVISION OF WATER RESOURCES 
WATER QUALITY REGIONAL OPERATIONS SECTION 


ANIMAL FEEDING OPERATIONS PROGRAM 
1636 MAIL SERVICE CENTER 


RALEIGH, NORTH CAROLINA 27699-1636 
TELEPHONE NUMBER:  (919) 807-6464 


FAX NUMBER:  (919) 807-6496 
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6. SURFACE WATER CLASSIFICATION: 
 


This form must be completed by the appropriate DWR regional office and included as a part of the 
project submittal information. 


INSTRUCTIONS TO NC PROFESSIONALS: 


The classification of the downslope surface waters (the surface waters that any overflow from the facility would flow toward) in 
which this animal waste management system will be operated must be determined by the appropriate DWR regional office.  
Therefore, you are required, prior to submittal of the application package, to submit this form, with items 1 through 6 
completed, to the appropriate Division of Water Resources Regional Aquifer Protection Supervisor (see page 6 of 10).  At a 
minimum, you must include an 8.5" by 11" copy of the portion of a 7.5 minute USGS Topographic Map which shows the 
location of this animal waste application system and the downslope surface waters in which they will be located.  Identify the 
closest downslope surface waters on the attached map copy.  Once the regional office has completed the classification, 
reincorporate this completed page and the topographic map into the complete application form and submit the 
application package. 


6.1  Farm Name:       


6.2  Name & complete address of engineering firm:       


 


        Telephone number: (       )       -       


6.3  Name of closest downslope surface waters:       


6.4  County(ies) where the animal waste management system and surface waters are located      


6.5  Map name and date:       


6.6  NC Professional's Seal (If appropriate), Signature, and Date: 


 


 


 


 
TO: REGIONAL WQROS SUPERVISOR 


Please provide me with the classification of the watershed where this animal waste management facility will be or has been 
constructed or field located, as identified on the attached map segment(s): 


 Name of surface waters:__________________________________________________________________________ 


 Classification (as established by the Environmental Management Commission):______________________________ 


 Proposed classification, if applicable: _______________________________________________________________ 


 Signature of regional office personnel: ________________________________________  Date:_________________ 


 (All attachments must be signed) 
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DIVISION OF WATER RESOURCES REGIONAL OFFICES (9/05) 


 


Asheville Regional WQROS Supervisor Washington Regional WQROS Supervisor Raleigh Regional WQROS Supervisor 
2090 U.S. Highway 70 943 Washington Square Mall 1628 Mail Service Center 
Swannanoa, NC 28778 Washington, NC 27889 Raleigh, NC 27699-1628 
(828) 296-4500  (252) 946-6481 (919) 791-4200 
Fax (828) 299-7043 Fax (252) 975-3716 Fax (919) 571-4718 


Avery Macon Beaufort Jones Chatham Nash 
Buncombe Madison Bertie Lenoir Durham Northampton 
Burke McDowell Camden Martin Edgecombe Orange 
Caldwell Mitchell Chowan Pamlico Franklin Person 
Cherokee Polk Craven Pasquotank Granville Vance 
Clay Rutherford Currituck Perquimans Halifax Wake 
Graham Swain Dare Pitt Johnston Warren 
Haywood Transylvania Gates Tyrell Lee Wilson 
Henderson Yancey Greene Washington 
Jackson  Hertford Wayne 
  Hyde 


Fayetteville Regional WQROS Supervisor Mooresville Regional WQROS Supervisor Wilmington Region WQROS Supervisor 
225 Green Street, Suite 714 610 East Center Avenue 127 Cardinal Drive Extension 
Fayetteville, NC 28301-5094 Mooresville, NC 28115 Wilmington, NC 28405-3845 
(910) 486-1541  (704) 663-1699 (910) 796-7215 
Fax (910) 486-0707 Fax (704) 663-6040 Fax (910) 350-2004 


Anson Moore Alexander Lincoln Brunswick New Hanover 
Bladen Richmond Cabarrus Mecklenburg Carteret Onslow 
Cumberland Robeson Catawba Rowan Columbus Pender 
Harnett Sampson Cleveland Stanly Duplin 
Hoke Scotland Gaston Union 
Montgomery  Iredell 


Winston-Salem Regional WQROS Supervisor 
450 Hanes Mill Road, Suite 300  
Winston-Salem, NC 27105  
Phone (336) 776-9800 
Fax (336) 776-9797 


Alamance Rockingham 
Alleghany Randolph 
Ashe Stokes 
Caswell Surry 
Davidson Watauga 
Davie Wilkes 
Forsyth Yadkin 
Guilford 


 
 


 





		TO: REGIONAL WQROS SUPERVISOR






State of North Carolina 
Department of Environmental Quality 


Division of Water Resources 
Animal Feeding Operations Permit Application Form 


(THIS FORM MAY BE PHOTOCOPIED FOR USE AS AN ORIGINAL) 


State General Permit – New or Expanding Animal Waste Operations 


 
FORM: AWO-STATE-G-N/E 1/10/06       Page 1 of 5 


 


1. GENERAL INFORMATION: 
1.1 Facility name:       


1.2 Print Land Owner's name:       


1.3 Mailing address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.4 Physical address:       


 City, State:         Zip:       


 Telephone number (include area code): (       )       -        


1.5 County where facility is located:       


1.6 Facility location (directions from nearest major highway, using SR numbers for state roads):       


1.7 Farm Manager's name (if different from Land Owner):       


1.8 Lessee's / Integrator's name (if applicable; circle which type is listed):       


1.9 Facility’s original start-up date:        Date(s) of facility expansion(s) (if applicable):       


2. OPERATION INFORMATION: 
2.1 Facility number:         


  
2.2 Operation Description: 


 
Please enter the Design Capacity of the system.  The "No. of Animals" should be the maximum number for which the waste 
management structures were designed. 


Type of Swine No. of Animals Type of Poultry No. of Animals Type of Cattle No. of Animals 


 Wean to Feeder        Layer        Beef Brood Cow       


 Feeder to Finish        Non-Layer        Beef Feeder       


 Farrow to Wean (# sow)        Turkey        Beef Stocker Calf       


 Farrow to Feeder (# sow)        Turkey Poults        Dairy Calf       


 Farrow to Finish (# sow)          Dairy Heifer       


 Wean to Finish (# sow)          Dry Cow       


 Gilts          Milk Cow       


 Boar/Stud       


  


 Other Type of Livestock on the farm:       No. of Animals:      
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2.3 Acreage cleared and available for application (excluding all required buffers and areas not covered by the application  


 system):        Required Acreage (as listed in the CAWMP):        


2.4 Number of lagoons:       Total Capacity (cubic feet):       Required Capacity (cubic feet):       


Number of Storage Ponds:       Total Capacity (cubic feet):        Required Capacity (cubic feet):       


2.5 Are subsurface drains present within 100' of any of the application fields? YES   or   NO   (circle one) 


2.6 Are subsurface drains present in the vicinity or under the waste management system? YES   or   NO   (circle one) 


2.7 Does this facility meet all applicable siting requirements? YES   or   NO   (circle one)  


3. REQUIRED ITEMS CHECKLIST: 


 Please indicate that you have included the following required items by signing your initials in the space provided next to each 
item. 


 Applicants Initials 
3.1 One completed and signed original and two copies of the application for State General Permit - 


Animal Waste Operations;   


3.2 Three copies of a general location map indicating the location of the animal waste facilities and 
field locations where animal waste is land applied and a county road map with the location of the 
facility indicated;   


3.3 Three copies of the entire Certified Animal Waste Management Plan (CAWMP).  If the facility 
does not have a CAWMP, it must be completed prior to submittal of a permit application for 
animal waste operations.   
 
The CAWMP must include the following components.  Some of these components may not have been required at the time 
the facility was certified but should be added to the CAWMP for permitting purposes: 
 


3.3.1 NRCS Site Evaluation Form NC-CPA-17 or equivalent 
3.3.2 A hazard classification of the proposed lagoons, if required 
3.3.3 Documentation that proposed swine facilities meet the Swine Farm Siting Act, including a site map prepared by   


a Registered Land Surveyor.  The scale of this map shall not exceed 1 inch = 400 feet.  At a minimum, the site 
map shall show the distance from the proposed houses and lagoons to occupied residences within 1500 feet, 
schools, hospitals, churches, outdoor recreational facilities, national parks, state parks, historic properties, or 
child care centers within 2500 feet, property boundaries within 500 feet, water supply wells within 500 feet.  
The map shall also show the location of any property boundaries and perennial streams or rivers located within 
75 feet of waste application areas. 


3.3.4 Documentation showing that all adjoining property owners, all property owners who own property located 
across a public road, street, or highway from the facility, the local health department, and the county manager 
or chair of the county board of commissioners if there is no county manager, have been notified by certified 
mail of your intent to construct or expand a swine farm at this location. 


3.3.5 A wetlands determination 
3.3.6 The lagoon/storage facility design 
3.3.7 Proposed runoff control measures, if required 
3.3.8 Irrigation or other land application method design 
3.3.9 The Waste Utilization Plan (WUP) must include the amount of Plant Available Nitrogen (PAN) produced and 


utilized by the facility 
3.3.10 The soil series present on every waste disposal field 
3.3.11 The crops grown on every waste disposal field 
3.3.12 The Realistic Yield Expectation (RYE) for every crop shown in the WUP 
3.3.13 The PAN applied to every waste disposal field 
3.3.14 The waste application windows for every crop utilized in the WUP 
3.3.15 The required NRCS Standard specifications 
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3.3.16 Emergency Action Plan 
3.3.17 Insect Control Checklist with options noted 
3.3.18 Odor Control Checklist with options noted 
3.3.19 Mortality Control Checklist with options noted 
3.3.20 Documentation proving this facility is exempt from the Moritoria on Construction or 


Expansion of Swine Farms, if the application is for a swine facility 
3.3.21 A map showing the topography of the proposed facility location showing features 


that affect facility design, the dimensions and elevations of any existing facilities, 
the fields used for waste application, and areas where surface runoff is to be 
controlled 


 
If your CAWMP includes any components not shown on this list, please include the additional components with your 
submittal. (Composting, waste transfers, etc.) 


 
 
 
4. APPLICANT'S CERTIFICATION: 
I, ______________________________________________________________ (Land Owner's name listed in question 1.2), attest that 


this application for ______________________________________________________________(Facility name listed in question 1.1) 
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned to me as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


5. MANAGER'S CERTIFICATION: (complete only if different from the Land Owner) 
I, _____________________________________________________________ (Manager's name listed in question 1.6), attest that this 


application for ________________________ ________________________________________(Facility name listed in question 1.1)  
has been reviewed by me and is accurate and complete to the best of my knowledge.  I understand that if all required parts of this 
application are not completed and that if all required supporting information and attachments are not included, this application package 
will be returned as incomplete. 


Signature  ___________________________________________________________ Date  __________________________________ 


 


 


THE COMPLETED APPLICATION PACKAGE, INCLUDING ALL SUPPORTING INFORMATION AND MATERIALS, 
SHOULD BE SENT TO THE FOLLOWING ADDRESS: 


 


NORTH CAROLINA DIVISION OF WATER RESOURCES 
WATER QUALITY REGIONAL OPERATIONS SECTION 


ANIMAL FEEDING OPERATIONS PROGRAM 
1636 MAIL SERVICE CENTER 


RALEIGH, NORTH CAROLINA 27699-1636 
TELEPHONE NUMBER:  (919) 807-6464 


FAX NUMBER:  (919) 807-6496 
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6. SURFACE WATER CLASSIFICATION: 
 


This form must be completed by the appropriate DWR regional office and included as a part of the 
project submittal information. 


INSTRUCTIONS TO NC PROFESSIONALS: 


The classification of the downslope surface waters (the surface waters that any overflow from the facility would flow toward) in 
which this animal waste management system will be operated must be determined by the appropriate DWR regional office.  
Therefore, you are required, prior to submittal of the application package, to submit this form, with items 1 through 6 
completed, to the appropriate Division of Water Resources Regional Aquifer Protection Supervisor (see page 6 of 10).  At a 
minimum, you must include an 8.5" by 11" copy of the portion of a 7.5 minute USGS Topographic Map which shows the 
location of this animal waste application system and the downslope surface waters in which they will be located.  Identify the 
closest downslope surface waters on the attached map copy.  Once the regional office has completed the classification, 
reincorporate this completed page and the topographic map into the complete application form and submit the 
application package. 


6.1  Farm Name:       


6.2  Name & complete address of engineering firm:       


 


        Telephone number: (       )       -       


6.3  Name of closest downslope surface waters:       


6.4  County(ies) where the animal waste management system and surface waters are located      


6.5  Map name and date:       


6.6  NC Professional's Seal (If appropriate), Signature, and Date: 


 


 


 


 
TO: REGIONAL WQROS SUPERVISOR 


Please provide me with the classification of the watershed where this animal waste management facility will be or has been 
constructed or field located, as identified on the attached map segment(s): 


 Name of surface waters:__________________________________________________________________________ 


 Classification (as established by the Environmental Management Commission):______________________________ 


 Proposed classification, if applicable: _______________________________________________________________ 


 Signature of regional office personnel: ________________________________________  Date:_________________ 


 (All attachments must be signed) 
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DIVISION OF WATER RESOURCES REGIONAL OFFICES (9/05) 


 


Asheville Regional WQROS Supervisor Washington Regional WQROS Supervisor Raleigh Regional WQROS Supervisor 
2090 U.S. Highway 70 943 Washington Square Mall 1628 Mail Service Center 
Swannanoa, NC 28778 Washington, NC 27889 Raleigh, NC 27699-1628 
(828) 296-4500  (252) 946-6481 (919) 791-4200 
Fax (828) 299-7043 Fax (252) 975-3716 Fax (919) 571-4718 


Avery Macon Beaufort Jones Chatham Nash 
Buncombe Madison Bertie Lenoir Durham Northampton 
Burke McDowell Camden Martin Edgecombe Orange 
Caldwell Mitchell Chowan Pamlico Franklin Person 
Cherokee Polk Craven Pasquotank Granville Vance 
Clay Rutherford Currituck Perquimans Halifax Wake 
Graham Swain Dare Pitt Johnston Warren 
Haywood Transylvania Gates Tyrell Lee Wilson 
Henderson Yancey Greene Washington 
Jackson  Hertford Wayne 
  Hyde 


Fayetteville Regional WQROS Supervisor Mooresville Regional WQROS Supervisor Wilmington Region WQROS Supervisor 
225 Green Street, Suite 714 610 East Center Avenue 127 Cardinal Drive Extension 
Fayetteville, NC 28301-5094 Mooresville, NC 28115 Wilmington, NC 28405-3845 
(910) 486-1541  (704) 663-1699 (910) 796-7215 
Fax (910) 486-0707 Fax (704) 663-6040 Fax (910) 350-2004 


Anson Moore Alexander Lincoln Brunswick New Hanover 
Bladen Richmond Cabarrus Mecklenburg Carteret Onslow 
Cumberland Robeson Catawba Rowan Columbus Pender 
Harnett Sampson Cleveland Stanly Duplin 
Hoke Scotland Gaston Union 
Montgomery  Iredell 


Winston-Salem Regional WQROS Supervisor 
450 Hanes Mill Road, Suite 300  
Winston-Salem, NC 27105  
Phone (336) 776-9800 
Fax (336) 776-9797 


Alamance Rockingham 
Alleghany Randolph 
Ashe Stokes 
Caswell Surry 
Davidson Watauga 
Davie Wilkes 
Forsyth Yadkin 
Guilford 
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Conversion Factors


Multiply By To obtain


Length


inch (in.) 25.4 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)


Area


acre 4,047 square meter (m2)
square mile (mi2) 2.590 square kilometer (km2)


Volume


gallon (gal) 3.785 liter (L)
million gallons (Mgal) 3,785 cubic meter (m3)


Flow rate


cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)
Mass


ounce, avoirdupois (oz) 28.35 gram (g)
pound avoirdupois (lb) 0.4536 kilogram (kg)
ton, short (2,000 lb) 0.9072 megagram (Mg) 


Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as 
°F = (1.8 × °C) + 32.


Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius 
(µS/cm at 25 °C).


Concentrations of chemical constituents in water are given in either milligrams per liter (mg/L) 
or micrograms per liter (µg/L).


Datum


Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
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Surface-Water Quality in Agricultural Watersheds 
of the North Carolina Coastal Plain Associated with 
Concentrated Animal Feeding Operations


By Stephen L. Harden


Abstract


The effects of concentrated animal feeding operations 
(CAFOs) on water quality were investigated at 54 agricultural 
stream sites throughout the North Carolina Coastal Plain 
during 2012 and 2013. Three general watershed land-use types 
were examined during the study, including 18 background 
watersheds with no active CAFOs (BK sites), 18 watersheds 
with one or more active swine CAFOs but no poultry CAFOs 
(SW sites), and 18 watersheds with at least one active swine 
CAFO and one active dry-litter poultry CAFO (SP sites). The 
watershed drainage areas for these 54 stream sites ranged from 
1.2 to 17.5 square miles. Conventional fertilizers used for 
crop production are the primary source of nutrients at the BK 
sites. Animal-waste manures represent an additional source of 
nutrients at the SW and SP study sites.


Land cover, soil drainage, and CAFO attributes were 
compiled for each watershed. Water-quality field measure-
ments were made and samples were collected at the 54 
primary sites during 6 bimonthly sampling periods from 
June 2012 to April 2013. An additional 23 secondary sites 
were sampled once during April 2013 to provide supplemental 
data at stream locations directly adjacent or in close proximity 
to swine CAFOs and (or) background agricultural areas within 
9 of the primary watersheds. The watershed drainage areas for 
the 23 secondary sites ranged from 0.2 to 8.9 square miles. 
Water temperature, specific conductance, dissolved-oxygen 
concentration, and pH were measured directly in the streams. 
Water samples were analyzed for major ions, nutrients, and 
stable isotopes, including delta hydrogen-2 (δ2H) and delta 
oxygen-18 (δ18O) of water and delta nitrogen-15 (δ15N) and 
δ18O of dissolved nitrate plus nitrite. 


Most of the water-quality properties and constituents 
varied significantly among the six sampling periods, changing 
both seasonally and in response to hydrologic conditions. The 
differences noted among the sampling periods indicate that the 
interactions between seasonal climatic differences, streamflow 
conditions, and instream biotic and abiotic processes are 
complex and their integrated effects can have varying degrees 
of influence on individual nutrients.


Water-quality differences were noted for the SW and SP 
land-use groups relative to the BK group. Median values of 
specific conductance, several major ions (magnesium, sodium, 
potassium, and chloride), and nitrogen fractions (ammonia 
plus organic nitrogen, ammonia, nitrate plus nitrite, total 
nitrogen, and δ15N of nitrate plus nitrite) were higher for the 
SW and SP groups compared to the BK group. No significant 
differences in water temperature, dissolved oxygen, calcium, 
total organic nitrogen, orthophosphate, total phosphorus, or 
δ18O of nitrate plus nitrite were noted among the land-use 
groups. When compared on the basis of land-use type, there 
was an overall measurable effect of CAFO waste manures on 
stream water quality for the SW and SP watershed groups. 


Some individual sites within the SW and SP groups 
showed no measurable CAFO effects on water quality despite 
having CAFOs present upstream. An evaluation of sodium 
plus potassium concentrations coupled with δ15N values of 
nitrate plus nitrite proved valuable for distinguishing which 
SW and SP sites had a water-quality signature indicative of 
CAFO waste manures. Sites with CAFO manure effects were 
characterized by higher sodium plus potassium concentrations 
(commonly between 11 and 33 milligrams per liter) and 
δ15N values of nitrate plus nitrite (commonly between 11 and 
26 parts per thousand) relative to sites reflecting background 
agricultural conditions, which commonly had sodium plus 
potassium concentrations between 6 and 14 milligrams per 
liter and δ15N values of nitrate plus nitrite between 6 and 
15 parts per thousand. On the basis of the results of this study, 
land applications of waste manure at swine CAFOs influenced 
ion and nutrient chemistry in many of the North Carolina 
Coastal Plain streams that were studied.


A classification tree model was developed to examine 
relations of watershed environmental attributes among the 
study sites with and without CAFO manure effects. Model 
results indicated that variations in swine barn density, percent-
age of wetlands, and total acres available for applying swine-
waste manures had an important influence on those watersheds 
where CAFO effects on water quality were either evident or 
mitigated. Measurable effects of CAFO waste manures on 
stream water quality were most evident in those SW and SP 
watersheds having lower percentages of wetlands combined 
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with higher swine barn densities and (or) higher total acres 
available for applying waste manure at the swine CAFOs. 
Stream water quality was similar to background agricultural 
conditions in SW and SP watersheds with lower swine barn 
densities coupled with higher percentages of wetlands or lower 
acres available for swine manure applications. The model 
provides a useful tool for exploring and identifying similar, 
unmonitored watersheds in the North Carolina Coastal Plain 
with potential CAFO manure influences on water quality that 
might warrant further examination.


Introduction
The U.S. Environmental Protection Agency’s (EPA) 


National Water Quality Inventory Report to Congress (U.S. 
Environmental Protection Agency, 2010) lists pathogens, 
sediment, organic enrichment and oxygen depletion, and 
nutrients as several leading causes of impairment of rivers 
and streams in the United States. Agriculture, including crop 
and animal production, was cited as the most probable source 
of impairments in the assessed rivers and streams. Nonpoint-
source (NPS) pollution from agricultural activities is of 
particular concern in eastern North Carolina because nutrient 
over-enrichment in surface waters has contributed to water-
quality problems in the Tar-Pamlico, Neuse, and Cape Fear 
River Basins, particularly in the estuaries (Spruill and others, 
1998; Luettich and others, 2000; Burkholder and others, 
2006). Excessive inputs of nitrogen (N) and phosphorus (P) 
to nutrient-sensitive waters can contribute to eutrophication, 
excess algal blooms, fish kills, and outbreaks of toxic 
dinoflagellates (Burkholder and others, 1995; Burkholder 
and Glasgow, 1997; Stow and others, 2001; Paerl and others, 
2004). Animal feeding operations (AFOs) are recognized as 
important NPS contributors of N and P to streams in the North 
Carolina Coastal Plain physiographic province (Glasgow and 
Burkholder, 2000; Mallin and Cahoon, 2003; Burkholder and 
others, 2006; Rothenberger and others, 2009). Large amounts 
of land-applied animal manures in watersheds with high 
densities of AFOs can lead to nutrient surpluses that exceed 
the assimilative capacity of the watershed to absorb excess 
nutrients without having deleterious effects on water quality 
(Stone and others, 1998; Mallin and Cahoon, 2003; Hubbard 
and others, 2004; Sims and others, 2005; Copeland, 2010). 


North Carolina is one of the Nation’s leading animal 
producers, ranking second in the production of both swine 
and turkeys and fourth in the production of broiler chickens 
(North Carolina Department of Agriculture and Consumer 
Services, 2012). In North Carolina, AFOs are regulated and 
permitted as non-discharge facilities by the Animal Feeding 
Operations Program within the North Carolina Department 
of Environment and Natural Resources Division of Water 
Resources (DWR). As of January 2013, there were 2,356 
individually permitted AFOs in North Carolina (North 
Carolina Division of Water Resources, 2013), with about 


90 percent of the facilities consisting of swine AFOs (total of 
2,132) and the remaining 10 percent consisting primarily of 
cattle (total of 199) and wet poultry (total of 21) AFOs. The 
majority of the swine AFOs (2,006) are located in the Coastal 
Plain (fig. 1). Most poultry AFOs in North Carolina consist of 
dry-litter operations that are exempt from permitting by the 
State. The number of dry-litter poultry AFOs in the Coastal 
Plain is likely similar to the number of swine AFOs (Keith 
Larick, North Carolina Division of Water Resources, oral 
commun., June 2013).


It is of note that the terms AFO and concentrated animal 
feeding operation (CAFO) often are used interchangeably 
within the literature; however, there are technical distinctions 
between them as defined by the EPA (40 CFR §122.23). The 
EPA generally defines AFOs as “operations where animals 
have been, are, or will be stabled or confined and fed or main-
tained for a total of 45 days or more in any 12-month period 
and where vegetation is not sustained in the confinement area 
during the normal growing season” (U.S. Environmental 
Protection Agency, 2012). An AFO may be further designated 
as a CAFO on the basis of the number of animals confined 
and specific criteria concerning the discharge of pollutants 
to adjacent surface waters, which if so designated makes the 
CAFO subject to National Pollutant Discharge Elimination 
Systems (NPDES) permitting requirements (40 CFR §122.23). 
In this report, swine and poultry feeding operations are 
collectively referred to as CAFOs even though they may not 
all technically meet the regulatory definitions.


At a typical swine CAFO, waste materials are flushed 
from the swine houses to one or more holding lagoons for 
temporary storage. Wastewater effluent from the lagoon(s) 
periodically is applied to nearby fields, commonly through 
surface spraying, in accordance with the permitted facility’s 
Certified Animal Waste Management Plan such that the total 
N applied can be used during crop growth to avoid runoff or 
excessive leaching (Keith Larick, North Carolina Division of 
Water Resources, oral commun., June 2013); however, prob-
lems can result from adverse weather conditions or application 
rates that exceed crop uptake (Evans and others, 1984; Smith 
and Evans, 1998). At the poultry CAFOs, dry litter commonly 
is applied to cropland at the individual facilities if sufficient 
acreage is available, or the litter can be transported offsite 
and applied as a source of nutrients to other agricultural fields 
(Crouse and Shaffer, 2011).


Previous studies have examined the effects of swine and 
poultry CAFOs on groundwater and surface-water quality, 
especially regarding N and P, in the North Carolina Coastal 
Plain. Huffman (2004) found that seepage from swine-waste 
lagoons built before 1993, without clay liners, increased 
shallow groundwater concentrations of mineral N (ammonia 
N plus nitrate N) by 10 to 40 milligrams per liter (mg/L) as 
N at 11 sites and more than 40 mg/L as N at 16 sites. Various 
investigators have noted nitrate concentrations commonly 
between 10 and 30 mg/L, and in some cases between 50 
and 150 mg/L, in groundwater collected beneath or adjacent 
to application fields receiving swine-lagoon effluent or 
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Figure 1. Locations of permitted swine concentrated animal feeding operations (CAFOs) in eastern  
North Carolina (swine CAFO locations obtained from North Carolina Division of Water Resources, 2013).
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poultry litter (Hunt and others, 1995; Stone and others, 1998; 
Karr and others, 2001; Spruill and others, 2002; Israel and 
others, 2005; Dukes and Evans, 2006; Harden and Spruill, 
2008). In addition to nitrate, increased concentrations of 
calcium, magnesium, sodium, potassium, and chloride have 
been observed in groundwater beneath swine CAFO spray 
fields (Karr and others, 2001; Spruill and others, 2005). 
The transport of P from agricultural fields to surface water 
typically occurs through overland runoff; however, repeated 
applications of swine-waste manure to fields can lead to 
excess accumulations of P in soil and subsequent leaching to 
groundwater for possible offsite transport to receiving streams 
(Novak and others, 2000; Nelson and others, 2005).


Elevated nutrient concentrations also have been observed 
in streams receiving overland runoff, groundwater discharge, 
and subsurface tile drainage derived from CAFOs (Stone and 
others, 1995; Karr and others, 2001; Spruill and others, 2005; 
Dukes and Evans, 2006; Harden and Spruill, 2008). Stone and 
others (1995) noted that a stream with intensive swine and 
poultry operations had nutrient concentrations during both 
stormflow and baseflow conditions that were several times 
higher than those in an adjacent background stream with no 
animal operations. In the stream influenced by the CAFOs, 
mean concentrations were 5.6 mg/L as N for nitrate, 0.74 mg/L 
as N for ammonia, and 0.68 mg/L for orthophosphate during 
baseflow conditions, and mean concentrations were 5.4 mg/L 
as N for nitrate, 2.28 mg/L as N for ammonia, and 1.3 mg/L 
for orthophosphate during stormflow conditions. Surface-
water samples collected by Karr and others (2001) in a stream 
adjacent to two swine CAFOs had a median nitrate concentra-
tion of 6.7 mg/L as N. Harden and Spruill (2008) observed 
elevated levels of nitrate (median of 6.1 and range of 2.0 to 
10.7 mg/L as N), ammonia (median of 0.76 and range of 0.09 
to 2.38 mg/L as N), and dissolved P (median of 0.05 and range 
of 0.01 to 0.29 mg/L) in 28 surface-water samples collected in 
2006 during stormflow and baseflow conditions from a stream 
next to waste-manure application fields at a swine CAFO. 
Elevated nitrate concentrations in this stream are considered to 
be strongly influenced by water discharged through a tile drain 
located in one of the adjacent spray fields (Spruill and others, 
2005, Harden and Spruill, 2008). In 2006, water discharging 
from the tile drain to the stream had nitrate concentrations 
ranging from about 22 to 45 mg/L as N (Harden, 2008).


The practice of applying waste manure to fields at swine 
CAFOs is common in many watersheds throughout the 
Coastal Plain so there is substantial interest in understanding 
their influence on stream water quality. Many of the studies 
conducted to evaluate water-quality conditions related to 
CAFOs in the Coastal Plain have been limited in geographic 
extent, either focusing on individual farm sites or several 
streams within a particular watershed. The lack of stream 
water-quality data from a more representative number of 
watersheds makes it difficult for DWR to assess the extent to 
which effects of swine CAFOs on surface-water quality can 
be measured and how well existing CAFO regulations protect 
the waters of the State or to recommend effective changes to 


regulations or procedures. In 2011, DWR (formerly named the 
Division of Water Quality) and the U.S. Geological Survey 
(USGS) initiated a collaborative study to document whether 
swine CAFOs located in various Coastal Plain watersheds 
have a measurable effect on stream water quality. The study 
results presented in this report provide needed information 
from a large number of sites over a broader geographic area to 
better understand relations between swine CAFOs and stream 
water quality in eastern North Carolina.


Purpose and Scope


The primary purpose of this report is to summarize and 
synthesize chemical data collected from 54 agricultural water-
shed study sites throughout the North Carolina Coastal Plain to 
characterize water-quality conditions in streams receiving inputs 
from swine CAFOs compared to streams that receive inputs 
primarily from inorganic fertilizers. The scope of work included 
field measurements of water-quality properties and collection of 
surface-water samples for laboratory analysis of nutrients, major 
ions, and stable isotopes. Six rounds of bimonthly samples 
were collected from June 2012 to April 2013 at 54 primary 
watershed study sites. The last sampling round in April 2013 
included collection and analysis of samples from 23 additional 
sites located within 9 of the 54 primary watersheds. Results 
were used to evaluate differences in stream water quality among 
watersheds with no CAFOs, watersheds with swine CAFOs, 
and watersheds with both swine and poultry CAFOs. Land 
cover, soil drainage class, and CAFO attributes (such as number 
of facilities, animal barns, swine animals, and total weight 
of swine) were used to examine potential relations between 
watershed environmental variables and water-quality conditions 
among the primary study sites. The main study objectives 
were to (1) assess water-quality differences among streams 
draining watersheds with and without land-applied CAFO waste 
manures, (2) examine the use of multiple chemical constituents 
for identifying effects of CAFOs on stream water quality, 
and (3) examine relations of environmental variables among 
watersheds with and without measurable CAFO manure effects. 
The study results are intended to assist water-resource managers 
and policy makers in their efforts to protect and improve stream 
water quality throughout North Carolina.


Description of the Study Area


The watershed sites examined in the Coastal Plain study 
area have drainage areas less than 20 square miles (mi2) with 
land cover composed predominantly of cropland, forests, 
and wetlands. Most of the watersheds typically feature low-
gradient blackwater streams and swamps with slow streamflow 
velocities. Varying degrees of submerged and floating aquatic 
vegetation and organic debris are present within and along the 
stream channels. These types of streams often have naturally 
low dissolved oxygen (DO) that can be depleted further as a 
result of nutrient and organic inputs from agricultural activities.
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When examining stream water quality at the agricultural 
watershed sites in this study, it is important to understand that 
different processes influence fate and transport of nutrient 
inputs from agricultural fields to receiving streams. Nutrients 
applied to agricultural fields that percolate through the soils 
to the underlying surficial aquifer can be transported with 
groundwater as it discharges to receiving streams. Hydrograph 
separations performed on streamflow data during previous 
investigations indicate that groundwater, thought to be derived 
mostly from shallow aquifer systems, commonly contributes 
about 50 to 60 percent of the average annual streamflow 
to streams in the North Carolina Coastal Plain (McMahon 
and Lloyd, 1995; Spruill and others, 2005; Harden and 
others, 2013). Therefore, groundwater is potentially a major 
contributor of water and agriculturally derived chemical 
constituents to the stream study sites, particularly when there 
is minimal overland runoff from precipitation.


Various environmental, hydrogeologic, and geochemical 
factors that influence nitrate transport along groundwater 
flow paths beneath agricultural fields to receiving streams 
in the North Carolina Coastal Plain are discussed by Spruill 
and others (2005) and Harden and Spruill (2008). These 
factors include depth to water and saturated thickness of the 
surficial aquifer (Tesoriero and others, 2000; Tesoriero and 
others, 2005), groundwater residence times (Puckett, 2004; 
Tesoriero and others, 2005; Seitzinger and others, 2006), 
availability of organic carbon to drive denitrification reactions 
(Korom, 1992), and presence of riparian buffers (Speiran and 
others, 1998; Spruill, 2000; Puckett, 2004; Seitzinger and 
others, 2006). In evaluating changes in nitrate concentrations 
along groundwater flow paths at five study sites in the Coastal 
Plain, Harden and Spruill (2008) determined that denitrifica-
tion was the most influential factor responsible for observed 
decreases in groundwater nitrate along the flow paths. 
Although some denitrification of groundwater nitrate occurred 
beneath the agricultural fields, nitrate reduction along the 
groundwater flow paths was most prevalent in the downgradi-
ent riparian buffer zone and hyporheic zone at the streams, 
where highly reduced conditions associated with organic-rich 
deposits enhanced the overall amount of denitrification. 


The nitrate-reducing capacity of the buffer zone 
combined with that of the hyporheic zone can substantially 
lower the amount of groundwater nitrate discharged to streams 
in agricultural settings of the Coastal Plain (Spruill, 2000; 
Harden and Spruill, 2008). Depending on hydrogeologic and 
geochemical conditions, relatively young groundwater may 
move quickly along shallow flow paths beneath the riparian 
buffer and outpace the time needed for complete reduction of 
nitrate before discharging to a stream. Groundwater discharge 
along shallow flow paths may occur along seeps or channel 
walls that bypass the highly organic fluvial material in the 
hyporheic zone. If this water contains nitrate that has passed 
through the riparian buffer, the water can affect the nitrate 
concentration in the receiving stream.


In addition to groundwater transport, overland flow of 
water that occurs through field-drainage ditches is another 


important pathway that conveys nutrients from agricultural 
fields to receiving streams. Field-drainage ditches and sub-
surface tile drains commonly are used in the North Carolina 
Coastal Plain for improving drainage in agricultural fields with 
poorly drained soils (Evans and others, 1991; Gilliam and 
others, 1997). Water conveyed through the field ditches to the 
streams includes surface runoff from the fields, when rainfall 
amounts are greater than the infiltration capacity of soils, and 
subsurface inputs of shallow groundwater from beneath the 
fields. Lateral inflows of shallow groundwater through the 
banks and bottom of the ditches can occur during parts of the 
year when high water-table conditions are present beneath the 
fields. In fields with subsurface tile drains, shallow groundwa-
ter intercepted and collected by the tiles at the top of the water 
table is discharged through outlets directly to the ditches.


These drainage improvements lower the water table 
beneath agricultural fields, which increases the amount of land 
available for cultivation; however, the process of redirecting 
shallow groundwater beneath agricultural fields through tile 
drains and ditches can increase nutrient transport, particularly 
nitrate, in drainage water exiting the fields to receiving streams 
(David and others, 1997; Jaynes and others, 2001; Randall 
and Mulla, 2001; Harden and Spruill, 2004). As previously 
discussed, elevated nitrate concentrations in shallow 
groundwater beneath agricultural fields have commonly been 
observed in the Coastal Plain, especially at fields receiving 
land applications of animal-waste manures. A study by Harden 
and Spruill (2004) on the quality of drainage water from field 
ditches and tile drains in a North Carolina Coastal Plain water-
shed found that median concentrations of nitrate as N were 
significantly higher in water exiting field ditches (8.2 mg/L) 
and tile drains (32.0 mg/L) at fields receiving applications of 
swine-waste manures as compared to field ditches (2.7 mg/L) 
and tile drains (6.8 mg/L) at fields receiving applications of 
commercial fertilizers. 


Because field ditches and tile drains are used to expedite 
the drawdown of the water table, they can allow groundwater 
with elevated nitrate levels in the upper part of the surficial 
aquifer beneath agricultural fields to bypass natural organic-
rich aquifer sediments in the riparian buffer and hyporheic 
zones that normally would reduce the amount of nitrate 
in groundwater discharging to the streams (Spruill, 2000; 
Harden and Spruill, 2008). Considering that most watersheds 
examined for this study have substantial riparian buffer zones 
and organic-rich floodplain deposits and, hence, a high degree 
of denitrification potential prior to groundwater discharge, it is 
probable that overland inputs of water through field drainage 
ditches contribute much of the nitrate delivered to the stream 
sites. Overland transport through the field ditches can occur 
anytime there is excessive runoff from storm events but is 
most common during sustained periods of high water-table 
conditions, which typically occur during the colder winter and 
early spring months, generally from December to April, when 
evapotranspiration is lowest.
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Methods
This section provides a discussion of the network design 


and watershed attributes compiled for the study sites, and 
the sampling and analytical methods used for generating the 
water-quality dataset. Statistical methods used during data 
analysis also are discussed.


Network Design and Watershed Attributes


An integrated approach was used for establishing the 
network of surface-water sampling sites for the study. Three 
general watershed land-use types, or groups, were included: 
watersheds with no active CAFOs (referred to as background 
(BK) sites); watersheds with one or more active swine 
CAFOs but no poultry CAFOs (referred to as SW sites); and 
watersheds with at least one active swine CAFO and one 
active poultry CAFO (referred to as SP sites). Although the 
initial study intent was to evaluate potential influences of 
swine CAFOs, it was difficult to find swine only watersheds 
across the study area that did not also contain poultry CAFOs. 
Therefore, the SP sites were included to provide data for 
additional watersheds containing swine CAFOs, as well as for 
examining potential differences between swine only sites and 
sites with both swine and poultry. Watersheds that contained 
only poultry CAFOs were not considered because it was 
outside the scope of work for this study. 


The stream sites selected for study include an equal 
number (18) representing each of the BK, SW, and SP 
watershed land-use types (table 1; fig. 2) that also had similar 
distributions in watershed characteristics such as drainage 
areas and land cover. These 54 watershed sites are referred to 
as primary study sites because they were the primary focus of 
data-collection activities for the 6 bimonthly sampling periods 
from June 2012 to April 2013. The April 2013 sampling period 
included collection of surface-water samples from 23 addi-
tional sites, referred to as secondary sites, located within 9 of 
the primary watershed sites (table 1). One or more secondary 
sites were sampled upstream from the primary sites to provide 
additional water-quality data for stream sites located close 
or adjacent to swine CAFOs and (or) in subwatershed areas 
with no swine CAFOs. The study network spanned six river 
basins throughout the Coastal Plain in eastern North Carolina 
(table 1; fig. 2). Individual maps for the primary and secondary 
sites are provided in appendix A1 (figs. A1-1 through A1-54).


All study watersheds have than less than 10 percent 
developed (urban) lands, and none contain permitted NPDES 
wastewater-discharge facilities. Therefore, agricultural 
activities represent the most likely source of nutrients to the 
streams. The watersheds without CAFOs (BK sites) and with 
CAFOs (SW and SP sites) all contain agricultural lands where 
commercial fertilizers are used during the production of crops. 
The water-quality constituents analyzed in stream samples 
collected during the study include those essential primary 
nutrients (N, P, and potassium) and secondary nutrients 
(calcium, magnesium, and sulfur) found in commercial fertil-
izer materials commonly used in North Carolina for growing 
crops (Zublena and others, 1991; Tucker, 1999). These same 
essential plant nutrients, as well as sodium and chloride, are 
found in swine and poultry organic waste manures (Zublena 
and others, 1991, 1997a, 1997b; Barker and others, 1994; 
Osmond and Kang, 2008). Land applications of swine-waste 
manure and poultry litter represent an additional source of 
these constituents to agricultural fields in the SW and SP 
watersheds. Because watershed characteristics are similar 
among the three site groups, with the exception of the presence 
or absence of CAFOs, differences in stream concentrations of 
nutrients and (or) major ions observed at the SW and SP sites 
relative to the BK sites likely reflect inputs derived from swine 
and (or) poultry animal-waste manures.


Watershed boundaries and contributing drainage 
areas for the study sites were determined using the USGS 
StreamStats application developed for North Carolina 
(http://water.usgs.gov/osw/streamstats/north_carolina.html; 
Weaver and others, 2012). These features were calculated 
within StreamStats using a 30-foot (ft) by 30-ft lidar-derived 
digital elevation model (North Carolina Floodplain Mapping 
Program, 2012). Watershed drainage areas range from 1.2 to 
17.5 mi2 for the 54 primary sites and 0.2 to 8.9 mi2 for the 
23 secondary sites.


Data were compiled for selected watershed attributes 
to characterize environmental conditions at the study sites. 
Physical (land cover and soil drainage) and anthropogenic 
features (point-source dischargers, non-discharge land applica-
tion sites, and CAFOs) were compiled using geographic 
information system (GIS) processes. The 54 primary sites 
were chosen to avoid or minimize potential influences of 
wastewater-discharge facilities, non-discharge facilities, and 
developed lands in order to facilitate water-quality interpreta-
tions between the watersheds with and without CAFOs.



http://water.usgs.gov/osw/streamstats/north_carolina.html
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Table 1. Study network, including primary and associated secondary sites, monitored for water quality in the North Carolina Coastal Plain.


[ID, identification; HUC, hydrologic unit code; USGS, U.S. Geological Survey; NC, North Carolina; HWY, highway; SR, secondary road; mi2, square miles]


Primary 
study ID 


(see fig. 2)


Secondary study 
ID associated 


with primary sites
(see appendix A1)


River basin
USGS station 


number
USGS station name


Decimal 
latitude


Decimal 
longitude


Drainage 
area (mi2)


BK-01
BK-02
BK-03
BK-04
BK-05
BK-06
BK-07
BK-08
BK-09
BK-10
BK-11
BK-12
BK-13
BK-14
BK-15
BK-16
BK-17
BK-18
SW-01
SW-02
SW-03
SW-04


SW-05


SW-06
SW-07
SW-08


SW-04A
SW-04B


SW-05A
SW-05B
SW-05C


SW-08A
SW-08B
SW-08C
SW-08D


Roanoke
Roanoke
Roanoke
Roanoke
Roanoke
Chowan
Tar-Pamlico
Tar-Pamlico
Tar-Pamlico
Tar-Pamlico
Neuse
Neuse
Neuse
Neuse
Cape Fear
Cape Fear
Cape Fear
Lumber
Roanoke
Tar-Pamlico
Tar-Pamlico
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse
Neuse


0208102325
02081065
02081040
0208103875
0208105040
0205309110
02083583
02083889
02084212
0208451810
02090770
0209096970
02091623
02091712
0210682145
0210591785
0210754615
0213453011
02081016
02083686
0208368850
02089225
0208922490
0208922495
02089584
0208958380
0208958385
0208958390
02091960
02090793
02091725
0209172000
0209172150
02091722
02091724


Blue Hole Swamp at NC HWY 11/42 near Cahaba, NC
Smithwick Creek near Bear Grass, NC
Etheridge Swamp at SR 1326 near Oak City, NC
Conoho Creek at SR 1336 near Oak City, NC
Conoho Creek tributary at SR 1002 at Hassell, NC
Kirbys Creek tributary at SR 1356 near Pendleton, NC
Williamson Branch at SR 1128 near St. Lewis, NC
Tyson Creek at SR 1245 at Kings Crossroads, NC
Hunting Run near Pactolus, NC
Beaverdam Swamp at SR 1520 near Alligoods, NC
Whiteoak Swamp at SR 1514 near Holdens Crossroads, NC
Moccasin Run near Patetown, NC
Langs Mill Run at SR 1242 near Fountain, NC
Middle Swamp near Marlboro, NC
Big Creek at SR 1006 at Bethany Crossroads, NC
Sevenmile Swamp at US HWY 13 at Rosin Hill, NC
White Oak Branch at SR 1209 near Ivanhoe, NC
Horse Swamp at SR 2435 near Fairmont, NC
Steptoe Run near Scotland Neck, NC
Kitten Creek at SR 1251 near Sharp Point, NC
Unnamed tributary to Otter Creek at SR 1615 near Sharp Point, NC
Little Marsh Run at SR 1714 at Parkstown, NC
Little Marsh Run headwaters near Parkstown, NC
Little Marsh Run at St. Delight Ch. Road at Parkstown, NC
Hornpipe Branch at SR 1130 near Deep Run, NC
Hornpipe Branch at SR 1137 near Deep Run, NC
Hornpipe Branch tributary at SR 1137 near Deep Run, NC
Hornpipe Branch tributary at SR 1130 near Deep Run, NC
Creeping Swamp near Calico, NC
Whiteoak Swamp tributary at SR 1514 at Drivers Store, NC
Sandy Run at US HWY 13/258 at Lizzie, NC
Sandy Run at SR 1301 near Castoria, NC
Drainage ditch to Sandy Run at SR 1326 near Lizzie, NC
Unnamed tributary to Sandy Run at SR 1301 near Lizzie, NC
Unnamed tributary to Sandy Run at SR 1301 at Lizzie, NC


36.01654
35.76589
35.98837
36.01207
35.91971
36.49604
35.79453
35.65818
35.66947
35.55525
35.70709
35.47927
35.64908
35.56626
35.05978
35.20431
34.61149
34.52107
36.10934
35.70728
35.73388
35.37789
35.38754
35.38270
35.14308
35.13115
35.13326
35.13682
35.42944
35.70027
35.51625
35.53175
35.51573
35.52024
35.51052


–77.21197
–77.05184
–77.34820
–77.29780
–77.27077
–77.17341
–77.72893
–77.55068
–77.26106
–76.92182
–77.75435
–77.90992
–77.60427
–77.59853
–78.70102
–78.43143
–78.18248
–79.17844
–77.37070
–77.56920
–77.57359
–77.82240
–77.83183
–77.82576
–77.66903
–77.66361
–77.65996
–77.66893
–77.18974
–77.81418
–77.61542
–77.65237
–77.65001
–77.64036
–77.62631


14.9
12.5
3.9


10.0
10.8
5.9
4.5
3.8
5.9
5.5
5.6
3.1
5.9


14.7
6.1
9.2
3.9
5.4
5.4
9.0
4.8
1.2
0.4
1.0
3.9
0.8
0.5
0.9


11.2
1.3


15.8
8.9
1.2
2.8
1.2







8 
 


Surface-W
ater Quality in Agricultural W


atersheds of the N
orth Carolina Coastal Plain Associated w


ith CAFOs
Table 1. Study network, including primary and associated secondary sites, monitored for water quality in the North Carolina Coastal Plain.—Continued


[ID, identification; HUC, hydrologic unit code; USGS, U.S. Geological Survey; NC, North Carolina; HWY, highway; SR, secondary road; mi2, square miles]


Primary 
study ID 


(see fig. 2)


Secondary study 
ID associated 


with primary sites
(see appendix A1)


River basin
USGS station 


number
USGS station name


Decimal 
latitude


Decimal 
longitude


Drainage
area (mi2)


SW-09


SW-10


SW-11


SW-12


SW-13


SW-14


SW-15


SW-16


SW-17


SW-18


SP-01


SP-02


SP-03


SP-04


SP-05


SP-06


SP-07


SP-08


SP-09


SP-10


SW-13A


SW-13B


SP-01A


SP-01B


SP-01C


SP-04A


SP-04B


SP-05A


SP-05B


SP-09A


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Lumber


Lumber


Lumber


Lumber


Lumber


Tar-Pamlico


Tar-Pamlico


Tar-Pamlico


Tar-Pamlico


Neuse


Neuse


Neuse


Neuse


Neuse


Neuse


Neuse


Neuse


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


0210596803


0210592050


0210770367


0210778920


0210782015


0210782010


0210782013


0213449620


0213453155


0210899420


0210899878


0210910290


02084148


0208414580


0208414590


0208414750


0208813655


02088285


0208831520


0208831504


0208831510


02089598


0208959780


0208959790


02105702


0210564590


0210687150


02107005


344734078312901


02106011


Hornet Swamp at SR 242 near Piney Green, NC


Ward Swamp at SR 1711 near Monks Crossroads, NC


Youngs Swamp at SR 1725 near Giddensville, NC


Big Branch at SR 1301 at Bowdens, NC


King Branch at SR 1305 at Friendship, NC


King Branch Headwaters near Friendship, NC


King Branch Headwaters at Friendship, NC


Rattlesnake Branch at SR 1516 at Lennons Crossroads, NC


Aaron Swamp at SR 2455 near McDonald, NC


Little Whites Creek at SR 1700 near Bluefield, NC


Horseshoe Swamp at SR 1713 near Lisbon, NC


Butler Branch at US HWY 701 near Wootens Crossroads, NC


Chicod Creek at SR 1565 near Grimesland, NC


Chicod Creek tributary at SR 1782 at Boyds Crossroads, NC


Chicod Creek tributary south of SR 1780 at Boyds Crossroads, NC


Chicod Creek tributary north of SR 1780 at Boyds Crossroads, NC


White Oak Branch at SR 1144 near Strickland Crossroads, NC


Thoroughfare Swamp near Dobbersville, NC


Falling Creek at SR 1102 near Dobbersville, NC


Falling Creek tributary at SR 1201 near Newton Grove, NC


Falling Creek tributary at US HWY 13 near Newton Grove, NC


Unnamed tributary to Southwest Creek at NC HWY 11 near Albrittons, NC


Southwest Creek tributary 2 at SR 1159 near Albrittons, NC


Southwest Creek tributary at SR 1159 near Albrittons, NC


Davis Creek at SR 1713 near Lisbon, NC


Hammonds Creek at SR 1709 near Elizabethtown, NC


Big Swamp at SR 1441 near Clement, NC


Cypress Creek at SR 1503 near Ammon, NC


Drainage ditch to Cypress Creek near Ammon, NC


Unnamed tributary to Bearskin Swamp at SR 1240 at Concord, NC


35.11474


35.19976


35.16676


35.06026


35.06047


35.06601


35.06814


34.47430


34.51163


34.54721


34.50059


34.44726


35.53304


35.51606


35.52571


35.53302


35.34614


35.23844


35.27517


35.28633


35.27540


35.18177


35.18384


35.17731


34.54040


34.57002


35.08855


34.78778


34.79279


34.98793


–78.47670


–78.30362


–78.21747


–78.10009


–78.04184


–78.06513


–78.05202


–78.85823


–79.20262


–78.61481


–78.53169


–78.72026


–77.18784


–77.19316


–77.18306


–77.18058


–78.37521


–78.15107


–78.27242


–78.29202


–78.28327


–77.67071


–77.67951


–77.67791


–78.50994


–78.56049


–78.59019


–78.50896


–78.52442


–78.43314


4.0


1.3


2.1


3.2


1.9


0.8


1.2


3.1


12.1


3.6


9.4


3.7


17.5


1.6


2.0


0.5


5.3


14.3


3.7


0.4


1.5


1.4


0.5


0.4


2.3


12.0


3.6


7.6


6.9


1.5
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Table 1. Study network, including primary and associated secondary sites, monitored for water quality in the North Carolina Coastal Plain.—Continued
[ID, identification; HUC, hydrologic unit code; USGS, U.S. Geological Survey; NC, North Carolina; HWY, highway; SR, secondary road; mi2, square miles]


Primary 
study ID 


(see fig. 2)


Secondary study 
ID associated 


with primary sites
(see appendix A1)


River basin
USGS station 


number
USGS station name


Decimal 
latitude


Decimal 
longitude


Drainage
area (mi2)


SP-11


SP-12


SP-13


SP-14


SP-15


SP-16


SP-17


SP-18


SP-11A


SP-11B


SP-11C


SP-11D


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


Cape Fear


0210608620


0210608603


0210608607


0210608610


0210608612


0210778820


0210782005


0210760950


0210760860


0210798920


0210858154


0210850250


Six Runs Creek at SR 1742 near Giddensville, NC


Six Runs Creek at SR 1736 near Hobbton, NC


Six Runs Creek near Hobbton, NC


Unnamed tributary to Six Runs Creek near Giddensville, NC


Six Runs Creek near Giddensville, NC


Bear Swamp at SR 1301 at Bowdens, NC


Nahunga Creek at SR 1301 near Warsaw, NC


Poley Branch at SR 1534 at Outlaws Bridge, NC


Buck Marsh Branch at SR 1753 near Hines Crossroads, NC


Stephens Swamp at SR 1807 at Quinns Store, NC


Tenmile Swamp at SR 1207 near Cypress Creek, NC


Doctors Creek at SR 1129 near Shanghai, NC


35.14064


35.16458


35.15719


35.15619


35.15041


35.05736


35.02692


35.15245


35.18423


34.88644


34.76237


34.75101


–78.25847


–78.27822


–78.26996


–78.26846


–78.26580


–78.13150


–78.01086


–77.85116


–77.87220


–77.72953


–77.66882


–78.16391


5.6


0.7


1.2


0.2


2.3


3.3


8.2


4.6


4.5


2.8


6.0


6.6







10  Surface-Water Quality in Agricultural Watersheds of the North Carolina Coastal Plain Associated with CAFOs
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Figure 2. Locations of background, swine, and swine and poultry study sites, streamgage sites, and precipitation sites in 
the North Carolina Coastal Plain study area.
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Land Cover and Hydrologic Soil Groups


Watershed attributes for land cover and hydrologic soil 
groups (HSGs) were compiled using StreamStats. Land-cover 
information was derived from the 2006 National Land Cover 
Database (NLCD) (Fry and others, 2011), which includes 15 
individual land-cover classes. These 15 individual land-cover 
classes were aggregated into 8 principal land-cover categories 
(developed, forested, shrub, crops, grassland, wetlands, barren, 
and water), which were summarized for each watershed 
(appendix A2-1).


The study sites contain HSGs with varying degrees of 
soil drainage capacity. Data used to characterize the distribu-
tion of HSGs within the study sites were obtained through 
the U.S. Department of Agriculture Soil Survey Geographic 
Database (Soil Survey Staff, Natural Resources Conserva-
tion Service, n.d.). The areal extent and relative percentage 
for the four major HSGs (A, B, C, and D) and three dually 
classified HSGs (A/D, B/D, and C/D) were determined within 
the watershed of each site (appendix A2-2). Soils in HSGs 
A and B have low to moderately low runoff potential when 
thoroughly wet. Soils in HSGs C and D have moderately high 
to high runoff potential when thoroughly wet. Thus, soils in 
HSGs A and B have a higher degree of drainage, or water 
infiltration, as compared to soils in HSGs C and D, which are 
more poorly drained.


The dual hydrologic groups represent wet soils that 
were naturally classified as very poorly drained (HSG D) 
because of the presence of a water table within 2 ft of the land 
surface (U.S. Department of Agriculture, Natural Resources 
Conservation Service, 2009). If enhanced drainage measures, 
such as field ditches and subsurface tile drains, are used to 
maintain the seasonal high water table at least 2 ft below the 
surface, then the soils are characterized by the first letter of the 
dual groups (A/D, B/D, or C/D) on the basis of their saturated 
hydraulic conductivity and depth of the water table when 
drained (U.S. Department of Agriculture, Natural Resources 
Conservation Service, 2009). For this study, the data compiled 
for dual HSGs A/D, B/D, and C/D are assumed to represent 
drained soil conditions and were summed with their respective 
major HSGs to yield HSG total A, HSG total B, and HSG total 
C (appendix A2-2).


Wastewater Discharge Facilities and Non-
Discharge Facilities


Information on NPDES-permitted wastewater-discharge 
facilities and permitted non-discharge facilities was provided 
by DWR (Michael Tutwiler, North Carolina Division of 
Water Resources, written commun., April 2012). Wastewater-
discharge facilities that were considered included NPDES-
permitted major municipal, minor municipal, major industrial/
commercial, and 100 percent domestic discharge facilities. 
Harden and others (2013) previously indicated that point-
source contributions of nutrients from wastewater-discharge 


facilities can have a significant influence on watershed nutrient 
yields in North Carolina. GIS analyses were used to map the 
locations of the discharge facilities in the Coastal Plain study 
area and to verify that none of the sites selected for study 
contained permitted dischargers.


GIS analyses also were performed to determine whether 
any permitted non-discharge facilities, which include waste-
water irrigation, infiltration, or reclamation systems and land 
application of residual solids, were associated with the study 
sites. Only 2 of the 54 sites (SW-07 and SP-09) were found to 
have associated non-discharge facilities (appendix A3-1). Site 
SW-07 (appendix fig. A1-25) contains one residual solids land-
application field, and site SP-09 (appendix fig. A1-45) contains 
two residual solids land-application fields. Any potential effects 
of these residual solids application fields on the water-quality 
results obtained at sites SW-07 and SP-09 are considered 
minimal and are not discussed in this report.


CAFOs
Available information on permitted CAFOs, including 


swine, cattle, and wet-poultry operations, was provided 
by DWR (Keith Larick, North Carolina Division of Water 
Resources, written commun., April 2012). All permitted 
CAFOs located in the 54 primary watersheds were mapped 
using GIS processes. The subgroups of the BK, SW, and SP 
study sites were operationally defined on the basis of the 
absence or presence of permitted active swine CAFOs located 
within the watersheds. None of the sites contained permitted 
cattle or wet-poultry CAFOs. Dry-litter poultry CAFOs, 
which are not required to have permits, were present in the SP 
watersheds.


Swine CAFO Attributes


Attribute data for the swine CAFOs were based on 
available information for facilities having either an active or 
inactive State of North Carolina permit. Swine CAFOs with 
active permits represent those facilities with ongoing swine 
production and field applications of swine-waste manure from 
the storage lagoons. Swine CAFOs with inactive permits 
represent former swine production facilities that are no longer 
operational. The inactive facilities currently have no swine 
animals or ongoing disposal of waste manure in application 
fields; however, remnant infrastructure, including barns and 
(or) inactive lagoons, may still be located at some of these 
facilities. The GIS analyses indicated that 10 of the study sites 
have 1 or 2 inactive-swine permits (appendix A3-2). Other than 
the permit numbers and locations, no other data were available 
for these inactive CAFOs. The active CAFOs, with ongoing 
waste-manure applications, are considered to have a more pro-
nounced influence than the inactive CAFOs on water-quality 
conditions at the sites. Given the lack of information available 
for the inactive CAFOs, data evaluations conducted during 
the study focused on the permitted active swine CAFOs; the 
permitted inactive swine CAFOs were not considered further.
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Several steps were taken in compiling attribute data for the 
active swine CAFOs. All active swine CAFOs within or along 
the boundaries of the 18 SW and 18 SP watershed sites were 
identified. Data provided by DWR for each active swine CAFO 
included information on the regulated swine activity, number 
of available acres for applying manure, amount of allowable 
plant available nitrogen (PAN), amount of generated PAN, 
and whether tile drains have been documented at the CAFO 
(appendix A3-3).


The regulated swine activity includes the type of swine 
production at the facility as well as the maximum annual 
average number of swine that can be produced. Seven types of 
swine production are associated with the CAFOs (Keith Larick, 
North Carolina Division of Water Resources, written commun., 
April 2012; table 2). Although multiple swine production 
activities are noted for some CAFOs, most produce only one 
type of swine. The average weight of swine produced and, 
consequently, the amount of waste manure generated by the 
swine population at a given CAFO depend on the type(s) of 
swine production at the facility. The maximum annual average 
number of swine (appendix A3-3) was multiplied by its respec-
tive average swine weight (table 2) to compute a total swine 
weight by production type. The number of swine and swine 
weights for all production types were summed to yield the total 
swine and total swine steady state live weight (SSLW) for each 
active CAFO.


The number of available acres listed for each active CAFO 
represents the total field acreage available at the facility for 
applying swine-waste manure (appendix A3-3). For a given 
facility, the amount of field acreage used for waste-manure 
applications during a given year may be lower than available. 
No information on the frequency and timing of applications 
or individual fields used was readily available for the CAFOs. 
The reported values for allowable PAN represent the maximum 
permitted amount of PAN that can be field applied annually at 
each CAFO. The reported values for generated PAN represent 
the calculated amount of PAN generated in waste manure that 
was field applied during 2012 at each CAFO (Keith Larick, 
North Carolina Division of Water Resources, written commun., 
July 2013). Ideally, the amount of generated PAN will be less 
than its allowable PAN on an annual basis such that the facility 
is not applying more PAN than allowed based on its permit. 


Qualitative information on the documented presence 
of tile drains at the CAFOs (appendix A3-3) was based on 
those either reported by the facility operator or identified by 
DWR facility inspectors; however, no specific information 
was available on the number or locations of documented tile 
drains at the facilities. Although there are no documented tile 
drains for some CAFOs, this may not be completely accurate 
because there are likely tile drains located at some facilities, 
the existence of which is unknown, and these would have gone 
unreported. The tile drain data are provided for informational 
purposes and are not considered to accurately reflect the extent 
to which subsurface tile drains may or may not be associated 
with the swine CAFO waste-manure application fields in the 
SW and SP study sites.


Available orthoimagery in Google Earth 
(http://www.google.com/earth/; accessed May 2012) was 
visually examined to identify the total number of lagoons and 
swine barns associated with each active swine CAFO and, 
of these, how many of the lagoons and barns were located 
within the watershed boundaries (appendix A3-3). Some 
of the CAFOs were located along the watershed drainage 
boundaries and, under these circumstances, overland runoff 
and groundwater flow from those facilities may be transported 
toward receiving streams both within and outside of the study 
watersheds. In these cases, the permit attribute data associated 
with CAFOs situated along the drainage boundaries were 
adjusted with a correction factor to allocate that fraction 
of the data deemed to be associated within the study sites 
(appendix A3-3). Where needed, the correction factor used 
to adjust the attribute data generally was taken as the ratio of 
swine barns located within the watershed to the total swine 
barns associated with the CAFO.


Attributes for the individual swine CAFOs, which reflect 
adjustments applied for total swine, total swine weight, avail-
able acres, PAN allowed, and PAN generated, are provided 
in appendix A3-4. This information was used to compute the 
total number of active swine CAFOs, lagoons, swine barns, 
swine animals and weight, available acres, allowable PAN, 
and generated PAN within each of the SW and SP watershed 
sites (appendix A3-5). Total watershed densities per square 
mile of swine barns, swine animals, swine weight (in tons), 
and available acres were determined as additional parameters 
for each site for use in evaluating the water-quality data.


Poultry CAFO Attributes


Available orthoimagery in Google Earth 
(http://www.google.com/earth/; accessed May 2012) was visu-
ally examined to identify apparent dry-litter poultry CAFOs 
and their associated number of poultry barns located within 
each watershed of the study sites. The SP sites were the only 
study sites determined to have one or more apparent dry-litter 
poultry CAFOs; these sites also contain one or more permitted 
active swine CAFOs. The apparent dry-litter poultry CAFOs 
were visually distinguished from the documented swine 
CAFOs on the basis of the presence of waste-storage lagoons 


Table 2. Swine production type and average swine weight 
associated with concentrated animal feeding operations in the 
study area.


Swine production type
Average weight of swine by 


production type (pounds)
Gilts 150
Wean to feeder 30
Wean to finish 115
Feeder to finish 135
Farrow to wean 433
Farrow to feeder 522
Farrow to finish 1,417



http://www.google.com/earth/

http://www.google.com/earth/
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at the permitted swine facilities and the absence of any 
waste-storage lagoons at the dry-litter poultry facilities. For 
verification purposes, a list of the apparent dry-litter poultry 
CAFOs identified for the 18 SP sites was provided to DWR 
for subsequent review by the North Carolina Department of 
Agriculture and Consumer Services, which indicated that the 
apparent dry-litter poultry CAFOs identified during this study 
were indeed active poultry facilities (Keith Larick, North 
Carolina Division of Water Resources, written commun., 
November 2012). No specific information on the operational 
characteristics (such as types and numbers of poultry raised, 
manure applications, or years of operation) for the dry-litter 
poultry CAFOs was publicly available for use in this study. 
Hereafter, the dry-litter poultry CAFOs at the study sites will 
be referred to as poultry CAFOs.


For this study, each cluster of poultry barns identified at 
the SP sites was considered to represent an individual poultry 
CAFO. Spatial coordinates and number of barns for the 
poultry CAFOs are provided in appendix A3-6. Each poultry 
CAFO was assigned a unique identifier, or field number, for 
use in this study. In some cases, adjacent poultry barn clusters 
may actually be part of the same operation. Similar to the 
process described previously for the swine CAFOs, in those 
cases where a poultry CAFO was located along the watershed 
drainage boundary, a prorated number of poultry barns was 
assigned to the CAFO to represent that fraction of the facility 
deemed to be within the watershed. The compiled information 
for the individual poultry CAFOs (appendix A3-6) was used 
to compute the total number of poultry CAFOs and poultry 
barns, as well as poultry barn density (barns per square mile), 
for each SP study site (appendix A3-7). 


Data Collection


This section outlines procedures that were used to 
compile precipitation and streamflow monitoring data for 
examining hydrologic conditions in the study area. Sample 
collection procedures, laboratory analyses, and data quality-
assurance practices are described for the water-quality data.


Precipitation and Streamflow
Precipitation data were obtained from four active USGS 


raingage monitoring stations (sites RG-01 through RG-04; 
table 3) in the Coastal Plain study area (fig. 2). Precipita-
tion was measured at each site by using a tipping-bucket 
raingage that recorded precipitation at 15-minute intervals. 
Calibration checks were conducted semiannually on the 
raingages to ensure the accuracy of recorded data (U.S. 
Geological Survey, 2006). Precipitation data for sites RG-01, 
RG-02, RG-03, and RG-04 (table 3) are available from the 
USGS National Water Information System (NWIS) database 
(http://waterdata.usgs.gov/nc/nwis).


The precipitation data were used to better understand the 
extent to which each sampling date during the surface-water 
sampling periods was preceded by relatively wet or dry 
climatic conditions. For each raingage site, a cumulative total 
precipitation was computed for the 7-day period immediately 
preceding each date that samples were collected. Minimum, 
maximum, and mean values of the cumulative 7-day precipita-
tion totals for the four raingage sites were determined for each 
sampling date for use in data analysis.


Ideally, instantaneous stream discharge would be 
measured to document streamflow conditions at the time 
water-quality samples are collected. However, the typical 
site conditions encountered during this study included 
low streamflow velocity coupled with varying degrees of 
submerged and floating aquatic vegetation within and along 
the stream channel. These conditions made it impractical to 
measure stream discharge during sample collections. There-
fore, streamflow data were obtained from six active USGS 
streamgaging stations (sites SG-01 through SG-06; table 4) 
in the Coastal Plain study area (fig. 2) to describe regional 
hydrologic conditions during sampling periods. Streamflow 
data for the streamgage sites (table 4) are available from the 
USGS NWIS database (http://waterdata.usgs.gov/nc/nwis).



http://waterdata.usgs.gov/nc/nwis

http://waterdata.usgs.gov/nc/nwis
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Water-Quality Samples 


Water-quality data compiled for the study include the 
analytical results for precipitation samples and surface-water 
samples. Precipitation samples were collected at raingage 
monitoring sites RG-01 and RG-02 from late July 2012 
to early April 2013 for laboratory analyses. In this study, 
separate USGS station numbers are used for the precipitation 
water-quality data and the continuous rainfall data collected at 
monitoring stations RG-01 and RG-02 (table 3). The precipita-
tion collectors were deployed for periods ranging from 2 days 
to 2 weeks to capture one or more rainfall events. The length 
of each deployment was based on the frequency and mag-
nitude of rainfall events and the overall amount of rain that 
could be captured without overfilling the collection container. 
Clean sampling equipment was used for each deployment. 
Samplers were not deployed during periods of extreme cold to 
avoid freezing, which could compromise the analytical results. 


Surface-water samples were collected at the 54 primary 
and 23 secondary study sites (table 1) for laboratory analyses. 
Samples at the primary sites were collected during six rounds 
of bimonthly sampling, during June, August, October, and 
December 2012, and February and April 2013. Samples were 
collected at the secondary sites once during the April 2013 
sampling round. The number of days needed to collect 
samples during each round ranged from 3 to 6.


Table 3. Raingage monitoring sites in the North Carolina Coastal Plain study area used for collecting precipitation data.
[ID, identification; USGS, U.S. Geological Survey; NC, North Carolina]


Study site ID 
(see fig. 2)


USGS station 
number


USGS station name
Decimal 
latitude


Decimal 
longitude


Type of data  
collected


RG-01 355719077471345 Raingage at Tar River at NC 97 at Rocky Mount, NC 35.95536 –77.78683 Precipitation water 
quality 


02082585 Tar River at NC 97 at Rocky Mount, NC 35.95472 –77.78722 Continuous rainfall
RG-02 345006078493145 Raingage at Cape Fear River at Lock 3 near Tarheel, NC 34.83503 –78.82525 Precipitation water 


quality 
02105500 Cape Fear River at Wilm O Huske Lock near Tarheel, NC 34.83556 –78.82361 Continuous rainfall


RG-03 02084000 Tar River at Greenville, NC 35.61667 –77.37278 Continuous rainfall
RG-04 02105769 Cape Fear River at Lock 1 near Kelly, NC 34.40444 –78.29361 Continuous rainfall


Table 4. Streamgage monitoring sites in the North Carolina Coastal Plain study area used for compiling streamflow data.
[ID, identification; USGS, U.S. Geological Survey; NC, North Carolina; mi2, square mile]


Study site ID  
(see fig. 2)


USGS station 
number


USGS station name
Decimal 
latitude


Decimal 
longitude


Drainage area 
(mi2)


SG-01 0208111310 Cashie River at SR 1257 near Windsor, NC 36.04778 –76.98417 108
SG-02 02084160 Chicod Creek at SR 1760 near Simpson, NC 35.56167 –77.23083 45
SG-03 02091000 Nahunta Swamp near Shine, NC 35.48889 –77.80611 80.4
SG-04 02092500 Trent River near Trenton, NC 35.06417 –77.46139 168
SG-05 02108000 Northeast Cape Fear River near Chinquapin, NC 34.82889 –77.83222 599
SG-06 02134480 Big Swamp near Tarheel, NC 34.71028 –78.83639 229


Water temperature, specific conductance, pH, DO, and 
barometric pressure were measured in the field during sample 
collections using instruments that were calibrated daily prior 
to sampling. Established, documented protocols were followed 
for collecting and processing samples for chemical analyses 
(U.S. Geological Survey, variously dated). Non-isokinetic 
methods were used for collecting samples because streamflow 
velocities generally were low. Samples were collected at 
the mid-depth of the water column at one or more points 
across the stream, depending on the stream width and type 
of road crossing (bridge or culverts). Subsamples collected 
from multiple points were composited into a single sample, 
representing the stream cross section.


Field equipment was cleaned between sampling sites 
(U.S. Geological Survey, variously dated). Samples were 
filtered and preserved in the field. A disposable 0.45-micron 
(µm) pore size capsule filter was used to process samples for 
major ions and filtered nutrient fractions. Samples collected 
for the determination of nitrogen-15/nitrogen-14 (15N/14N) and 
oxygen-18/oxygen-16 (18O/16O) isotopic ratios of nitrate plus 
(+) nitrite were filtered twice, first with a 0.45 µm capsule 
filter followed by a 0.20 µm disc filter, and subsequently 
frozen to prevent microbial degradation prior to laboratory 
analysis.
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Nutrients and Major Ions


Surface-water samples were shipped to the USGS 
National Water Quality Laboratory (NWQL) in Lakewood, 
Colorado, for chemical analysis of nutrients and major ions. 
Methods and reporting levels (RL) for each measured analyte 
(table 5) remained consistent for all samples analyzed during 
the study. Unfiltered samples were analyzed for concentrations 
of total ammonia+organic N and total P. Filtered samples were 
analyzed for concentrations of dissolved ammonia, dissolved 
nitrate+nitrite, and dissolved orthophosphate (ortho-P). 
Filtered samples also were analyzed to determine concentra-
tions of dissolved calcium, chloride, magnesium, potassium, 
sodium, and sulfate.


The water-quality data for the surface-water samples 
are presented in appendix A4-1. One dataset includes water-
quality results for all samples collected at the primary sites. 
The second dataset includes results for samples collected 
during the April 2013 sampling at the 9 primary sites and their 
23 secondary sites. Analytical concentrations for the nitrogen 
species are reported in milligrams per liter as N and concentra-
tions for ortho-P and total P are reported in milligrams per liter 
as P. The water-quality data also are available from the USGS 
NWIS database (http://waterdata.usgs.gov/nc/nwis).


Values for total organic N and total N (appendix A4-1) 
were computed from three directly measured nitrogen frac-
tions (table 5). Total organic N was computed by subtracting 
dissolved ammonia from total ammonia+organic N. Total 
N was computed by summing total ammonia+organic 
N and dissolved nitrate+nitrite. If one of the underlying 
constituents used in computing total organic N or total N 
had a left-censored (<) value, then the < remark code was 
carried forward with the computed value. Although the < 
remark codes were carried forward with the total organic N 
and total N, they were ignored for the purpose of data evalu-
ations in this study because the censoring levels associated 
with dissolved ammonia (RL = 0.010 mg/L) and dissolved 
nitrate+nitrite (0.04 mg/L) have minimal influence on the 
calculated values for total organic N and total N, respectively. 
Thus, examinations of the total organic N and total N data 
were based on the concentrations as reported in appendix 
A4-1 without regard to any < remark codes associated with the 
computed values. It is of note that, by default, total organic N 
and total N concentrations retrieved from the NWIS database 
retain the < remark code if one of the underlying constituents 
is left-censored. The handling of censored data is left to the 
discretion of data users.


Table 5. Nutrients and major ions measured in surface-water samples.
[N, nitrogen; P, phosphorus; mg/L, milligram per liter; EPA, U.S. Environmental Protection Agency; 
APHA, American Public Health Association]


Analyte
Reporting 


level, in mg/L
Analytical reference


Nutrients


Ammonia as N, dissolved 0.010 Fishman (1993)
Ammonia + organic nitrogen as N, total 0.07 Patton and Truitt (2000)
Nitrate + nitrite as N, dissolved 0.04 Patton and Kryskalla (2011)
Orthophosphate as P, dissolved 0.004 Fishman (1993)
Phosphorus as P, total 0.004 USEPA (1993)


Major ions


Calcium, dissolved 0.022 Fishman (1993)
Chloride, dissolved 0.06 Fishman and Friedman (1989)
Magnesium, dissolved 0.011 Fishman (1993)
Potassium, dissolved 0.03 APHA (1998)
Sodium, dissolved 0.06 Fishman (1993)
Sulfate, dissolved 0.09 Fishman and Friedman (1989)



http://waterdata.usgs.gov/nc/nwis
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Stable Isotopes


Surface-water and precipitation samples were shipped to 
the USGS Reston Stable Isotope Laboratory (RSIL) in Reston, 
Virginia, for analysis of stable isotopes by using a continuous 
flow isotope-ratio mass spectrometer. Surface-water samples 
were analyzed for stable isotope ratios of water (hydrogen-2/
hydrogen-1 [2H/1H] and 18O/16O) and (or) stable isotope ratios 
of dissolved nitrate+nitrite (15N/14N and 18O/16O). Precipitation 
samples were analyzed for stable isotope ratios of water 
(2H/1H and 18O/16O). 


Stable isotope ratios are reported using the delta (δ) 
notation in units of parts per thousand (denoted as per mil 
or ‰) relative to a standard of known composition according 
to the following equation:


  δ (‰) = (Rsamp/Rstand – 1) * 1,000          (1)


 where Rsamp and Rstand are the ratios of the heavy to light 
isotope (2H/1H, 18O/16O, or 15N/14N) in the sample and standard, 
respectively.


Stable isotopes of water (δ2H and δ18O) were analyzed 
in surface-water samples collected at the primary sites 
(appendix A4-1) and in precipitation samples collected at 
sites RG-01 and RG-02 (appendix A4-2) following methods 
outlined in Révész and Coplen (2008a, b). Results for δ2H and 
δ18O of water are reported with a 2-sigma (σ) uncertainty of 
±2 ‰ and ±0.2 ‰, respectively. Analysis of stable isotopes 
of dissolved nitrate+nitrite (δ15N and δ18O) in surface-water 
samples was based on the microbial denitrifier method 
(Sigman and others, 2001; Casciotti and others, 2002; Coplen 
and others, 2012). Measurements of δ15N and δ18O of dis-
solved nitrate+nitrite generally were performed on samples 
for the primary and secondary study sites with nitrate+nitrite 
concentrations greater than or equal to the RL of 0.04 mg/L 
(appendix A4-1). The δ15N and δ18O results are reported with 
2-σ uncertainties of ±0.5 ‰ and ±1.0 ‰, respectively, when 
analyzed samples had nitrate+nitrite concentrations greater 
than or equal to 0.06 mg/L as N; the uncertainties are doubled 
for samples with nitrate+nitrite concentrations less than 
0.06 mg/L as N.


An important issue to note regarding δ18O analyses with 
the denitrifier method is that the δ18O values generated for 
combined nitrate+nitrite may be underestimated if samples 
contain appreciable amounts of nitrite, yet the nitrite contribu-
tions to the δ18O results are not taken into account (Casciotti 
and others, 2007). When available, measured concentrations 
of nitrite are used to make applicable corrections to the δ18O 
results (Casciotti and McIlvin, 2007; Casciotti and others, 
2007). In this study, however, samples were analyzed for 
combined nitrate+nitrite concentrations rather than individual 
concentrations of nitrate and nitrite. Therefore, the δ18O values 
of nitrate+nitrite reported in appendix A4-1 may underestimate 
actual values. The extent to which the results may have been 
biased by unaccounted-for nitrite in the samples is unknown.


Although nitrite concentrations were not determined 
for samples collected during this study, nitrite typically 
constitutes a relatively small amount (<10 percent) of the 
overall nitrate+nitrite observed in streams in the North 
Carolina Coastal Plain. With nitrite likely representing less 
than 10 percent of the measured nitrate+nitrite in the study 
samples, the potential low bias associated with the δ18O values 
determined for nitrate+nitrite should be relatively muted. The 
presence of unrecognized nitrite in samples with the lowest 
concentrations of nitrate+nitrite (near the analytical RL of 
0.04 mg/L) would likely have the most pronounced bias on the 
nitrate+nitrite δ18O results. Therefore, evaluations of the stable 
isotope data (δ15N and δ18O) for dissolved nitrate+nitrite in this 
study were focused on those samples having nitrate+nitrite 
concentrations greater than or equal to 0.100 mg/L in an 
effort to reduce the potential uncertainties associated with the 
nitrate+nitrite δ18O results.


Quality Assurance


Quality-control samples, including field blanks and 
replicate samples, were collected to document potential bias 
and variability in data that may result during the collection, 
processing, shipping, and handling of environmental samples 
(U.S. Geological Survey, variously dated). Field blanks were 
collected using inorganic-free water processed in the field 
with the same equipment used for the environmental samples. 
Field blanks help to identify contamination resulting from 
improperly cleaned equipment, field sampling activities and 
exposure, and laboratory practices. Overall, the results of the 
field blanks did not indicate any systematic or substantial 
quality-assurance issues with the environmental data. Repli-
cate samples were collected to help document the variability 
in data results associated with sample collection, processing, 
and laboratory analysis. No quality-assurance problems were 
identified for the environmental dataset based on the replicate 
samples.


A total of 26 field blanks (appendix A4-3) and 26 
replicate samples (appendix A4-4) were collected during 
surface-water sampling. One replicate sample was obtained 
during the collection of precipitation samples at site RG-02. 
Approximately 13 percent of the total number of samples 
collected during the study were quality-control samples. All 
surface-water blank and replicate samples were analyzed for 
nutrients and major ions. Stable isotopes of water (δ2H and 
δ18O) were measured in replicate samples collected at the pri-
mary study sites and in the one precipitation replicate. Stable 
isotopes of nitrate+nitrite (δ15N and δ18O) were measured 
in most surface-water replicate samples having detectable 
concentrations of nitrate+nitrite above the RL of 0.04 mg/L.


Most constituents were below analytical RLs in the field 
blanks (appendix A4-3). Magnesium, sodium, potassium, and 
sulfate were not detected in any blank samples. Concentra-
tions of calcium and chloride in one blank sample (0.037 
and 0.11 mg/L, respectively) were an order of magnitude 
lower than calcium and chloride concentrations measured in 
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environmental samples (appendix A4-1). For nutrients, ortho-P 
was not detected in any blanks. Nitrate+nitrite was detected in 
one blank sample at a concentration (0.070 mg/L) just above 
the RL of 0.040 mg/L. Total phosphorus was also detected in 
one blank sample at a concentration (0.005 mg/L) just above 
the RL of 0.004 mg/L. Ammonia+organic N was detected in 
about 12 percent of the blank samples (3 of 26) at concentra-
tions of 0.08 to 0.14 mg/L; however, there was no indication 
of systematic bias that would affect the environmental results. 
All ammonia+organic N concentrations measured for the 
environmental samples (appendix A4-1) exceeded the greatest 
concentration of 0.14 mg/L detected in the blank samples 
(appendix A4-3).


Ammonia was detected in about 27 percent of the blank 
samples (7 of 26) at concentrations of 0.011 to 0.020 mg/L. 
Blank samples frequently may become contaminated with 
ammonia when exposed to the atmosphere—both in the field 
and laboratory (Fishman, 1993). This is especially apparent 
when blanks are analyzed using low-level techniques, as was 
done in this study. Although some low-level contamination of 
ammonia may have occurred, any effects on the environmental 
data are considered minimal. Of the 344 total environmental 
samples, 319 had concentrations of ammonia above the 
analytical RL of 0.010 mg/L (appendix A4-1). Approximately 
89 percent of these samples (283 of 319) had ammonia 
concentrations that exceeded the highest ammonia concentration 
of 0.020 mg/L detected in the blank samples (appendix A4-3). In 
addition, 75 percent of the samples (241 of 319) had ammonia 
concentrations greater than 0.040 mg/L, more than twice the 
highest concentration of 0.020 mg/L detected in the blanks. 


Replicate samples were used to assess the overall precision 
of the entire sample collection, handling, and analysis approach. 
A statistical summary of the relative percent difference (RPD) 


determined for each analyte for all paired environmental and 
replicate samples is provided in table 6. The RPDs in analyte 
concentrations rarely exceeded 15 percent. Exceedances above 
15 percent were limited to one or two replicate sample pairs for 
sulfate, nitrate+nitrite, total P, and δ18O of nitrate+nitrite. The 
mean and median RPDs were less than about 5 percent for all 
the measured constituents (table 6), which indicates very good 
agreement between the environmental and replicate samples.


Prior to data analysis, the water-quality data 
(appendix A4-1) were reviewed to identify any obvious outliers 
or potential issues in the sample results. Site SW-02 was noted 
to have the highest measured values for specific conductance 
and the major ions, by up to an order of magnitude, among 
any of the study sites (appendix A4-1). Nutrient results for 
site SW-02 were similar to the other study sites. Site SW-02 
contains both one small swine CAFO (1 barn with 4,330 swine) 
and a granite quarry in the headwater area of the watershed 
(appendix fig. A1-20). The very high ion concentrations for 
site SW-02 are suspected of being influenced by mining 
activities associated with the quarry; therefore, the results for 
specific conductance, calcium, magnesium, sodium, potassium, 
chloride, and sulfate for this site were excluded from data 
analyses in this report. Results for the August 26, 2012, sample 
collected at site BK-01 (appendix A4-1) were excluded from 
data evaluations because they were considered to be influenced 
by backwater conditions from the adjacent Roanoke River 
(appendix fig. A1-1) when storm runoff increased river levels 
by about 8 ft between August 25–26, 2012. In addition, the δ2H 
and δ18O isotopic results for sites BK-17 (appendix fig. A1-17) 
and SW-11 (appendix fig. A1-29), which were influenced by 
upstream impoundments, were considered atypical and also 
were excluded from the data evaluations.


Table 6. Statistical summary of relative percent differences in analyte concentrations for the environmental and 
replicate sample sets.
[RPD, relative percent difference; %, percent; N, nitrogen; P, phosphorus; δ, delta]


Analyte
Number of paired 


replicate samples1


Statistical measure
Minimum 
RPD (%)


Maximum 
RPD (%)


Mean RPD 
(%)


Median RPD 
(%)


Calcium, dissolved 26 0.0 5.6 1.4 1.0
Magnesium, dissolved 26 0.0 5.7 1.3 1.2
Sodium, dissolved 26 0.0 4.6 2.0 1.9
Potassium, dissolved 26 0.0 8.3 2.7 2.2
Chloride, dissolved 26 0.0 1.8 0.3 0.0
Sulfate, dissolved 26 0.0 16.6 1.2 0.4
Ammonia + organic nitrogen as N, total 26 0.0 10.7 2.6 1.4
Ammonia as N, dissolved 22 0.0 5.6 1.8 1.1
Nitrate + nitrite as N, dissolved 19 0.0 18.6 5.3 1.9
Orthophosphate as P, dissolved 21 0.0 14.0 2.8 1.4
Phosphorus as P, total 26 0.0 35.0 4.1 1.4
δ Hydrogen-2 of water, dissolved 25 0.0 6.2 2.7 2.6
δ Oxygen-18 of water, dissolved 25 0.0 2.4 0.8 0.7
δ Nitrogen-15 of nitrate + nitrite, dissolved 18 0.2 10.8 1.6 0.7
δ Oxygen-18 of nitrate + nitrite, dissolved 18 0.0 28.8 3.8 1.5


1Relative percent differences were computed when both samples in a pair had concentrations above analytical reporting levels. 
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Statistical Analyses


Statistical evaluations of the study data included the 
use of analysis of variance (ANOVA) tests and pair-wise 
multiple-comparison tests (Helsel and Hirsch, 1992). One-way 
ANOVA tests were used to test for significant differences in 
watershed attributes, such as basin drainage area, among the 
three watershed land-use types (BK, SW, and SP). Two-way, 
or multifactor, ANOVA tests were used to test for significant 
differences in surface-water constituents on the basis of sam-
pling period and (or) land-use type. Because most of the study 
data are non-normally distributed, a non-parametric approach 
was used in which the ANOVA tests were performed on 
rank-transformed data to assess differences between groups. 
The use of statistical analyses that rely on data ranks, rather 
than actual data values, also is appropriate for examining 
water-quality data containing left-censored “<” values when 
the < values for a given constituent are censored to the same 
analytical RL (Bonn, 2008). Left-censored values reported for 
ammonia, nitrate+nitrite, and ortho-P in surface-water samples 
(appendix A4-1) were set equal to their respective RLs prior to 
ranking the data for use in statistical analyses.


Constituent concentrations were ranked for all samples 
collected from the 54 primary study sites during the 6 
sampling periods. A two-way ANOVA test was then performed 
on the ranks of the concentration data to test for differences 
based on the grouping (or explanatory) variables of sampling 
period (June, August, October, and December in 2012, and 
February and April in 2013) and land-use type (including 
the 18 BK, 18 SW, and 18 SP sites). By evaluating sampling 
period and land-use type simultaneously, the effect of one 
explanatory variable can be measured while compensating for 
the other. The test compares the mean ranks of the constituent 
concentrations in the treatment groups to the overall mean 
rank for the entire dataset and determines whether there is an 
influential effect based on sampling period, land-use type, and 
(or) the combined interaction between sampling period and 
land-use type. 


The ANOVA results for a given constituent may indicate 
that a statistically significant difference in the mean ranks of 
the concentrations exists among a particular treatment group 
(such as land-use type); however, it does not specify which 
of the group treatments (such as BK, SW, and SP site types) 
are different. Those constituents with significant differences 
identified by the ANOVA tests were analyzed further with 
Tukey pair-wise multiple-comparison tests to identify which 
sampling period comparison pairs and (or) land-use type com-
parison pairs had statistically different means in their ranked 
values. The ANOVA and pair-wise multiple-comparison 
analyses, which were tested at the 95 percent confidence level 
(P=0.05), were conducted using the S-Plus software suite 
(by TIBCO Software Inc.). 


Relations of environmental variables among study sites 
identified as either being influenced or not influenced by 
CAFO waste manures were modeled using classification tree 
analyses (Breiman and others, 1984). Classification tree-based 


modeling is an exploratory technique for uncovering structure 
in the data. The classification tree models evaluate the 
response variable, or defined category (such as sites without 
CAFO effects and sites with CAFO effects), and the associ-
ated predictor variables (such as environmental attributes) to 
identify the predictor variables that best partition, or split, the 
response variable into increasingly homogeneous subsets. The 
resulting classification tree is simplified (pruned) by removing 
splits that do not contribute to a reduction in model error. The 
classification tree analyses were conducted using the S-Plus 
software suite (by TIBCO Software Inc.).


Characterization of Watershed Settings 
and Hydrologic Conditions


Information compiled on land cover, hydrologic soil 
groups (HSGs), and CAFO attributes was used to examine 
watershed settings among the study sites. Regional informa-
tion on precipitation and streamflows and measurements of 
stable isotopes of water in collected samples were used to 
characterize general hydrologic conditions during the six 
water-quality sampling periods.


Watershed Settings


Land cover, HSGs, and CAFO attributes (appendixes 
A2-1, A2-2, A3-5 and A3-7) for the primary study sites were 
evaluated to identify similarities or differences in watershed 
settings among the BK, SW, and SP site groups. Land cover 
and HSGs were examined among all three site groups. 
Attributes for swine CAFOs were examined only for the SW 
and SP groups. A statistical summary of watershed attributes 
in each site group is provided in table 7. 


The overall results of the statistical analyses indicate that 
the general watershed settings of the study sites are compa-
rable among the BK, SW, and SP site groups. The primary 
difference between the land-use groups is that the BK sites 
contain no CAFOs, the SW sites contain swine CAFOs, and 
the SP sites contain both swine and poultry CAFOs. ANOVA 
tests indicated few statistical differences in land cover and 
HSGs among the BK, SW, and SP site groups (table 8). Shrub 
land cover, HSG total A, and HSG D were the only watershed 
attributes that were significantly different (P<0.05) between 
some site groups. In addition, the ANOVA tests also did not 
identify any statistically significant differences (P<0.05) in any 
of the swine CAFO attributes examined between the SW and 
SP site groups (table 8). In other words, the SW and SP groups 
are similar with respect to swine CAFO attributes in the 
watersheds but differ in that poultry CAFOs also are present 
only in the SP watersheds (table 7). 
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Table 7. Statistical summary of watershed attributes by land-use type.
[n, number; mi2, square mile; %, percent; CAFO, concentrated animal feeding operation; PAN, plant available nitrogen; SSLW, steady state live weight; na, not 
applicable]


Watershed 
attribute 


(unit)


Background (BK) sites  
(n = 18)


Swine (SW) sites  
(n = 18)


Swine and poultry (SP) sites 
(n = 18)


Minimum Median Maximum Minimum Median Maximum Minimum Median Maximum


Land cover and hydrologic soil groups
Drainage area (mi2) 3.1 5.9 14.9 1.2 3.8 15.8 1.4 5.0 17.5


Developed (%) 0.6 4.6 10.0 1.2 4.3 9.1 1.0 4.0 6.4


Forested (%) 9.4 27.7 50.2 8.7 23.0 44.7 9.9 22.6 48.5


Shrubs (%) 2.7 6.8 17.0 4.1 10.5 23.5 6.4 11.5 16.8


Crops (%) 16.8 38.6 64.4 18.4 43.0 69.8 17.1 44.2 70.0


Grassland (%) 0.2 3.4 12.3 0.2 1.9 9.9 0.7 1.3 11.8


Wetlands (%) 4.3 15.6 55.0 6.3 13.3 27.3 3.7 12.8 21.2


Hydrologic soil group total A (%) 0.0 3.5 32.8 0.0 7.2 30.9 0.6 16.2 55.5


Hydrologic soil group total B (%) 12.6 58.0 88.3 27.9 52.6 87.6 13.8 54.0 86.0


Hydrologic soil group total C (%) 0.0 14.4 33.2 1.2 23.5 52.8 0.3 17.2 56.1


Hydrologic soil group D (%) 1.1 13.5 58.0 1.2 7.2 29.5 0.0 6.5 64.1


CAFO attributes


Permitted active swine CAFOs 
(total)


na na na 1.0 1.5 12 1.0 3.0 10


Total allowable PAN (pounds) na na na 2,347 38,760 132,355 2,743 36,239 253,906


Total generated PAN (pounds) na na na 1,472 21,779 74,319 1,870 19,144 114,271


Swine lagoons (total) na na na 1 3 18 1 5 15


Swine barns (total) na na na 1 13 45 4 15 59


Swine animals (total) na na na 1,200 9,225 65,532 550 9,928 67,797


Total swine SSLW (tons) na na na 65.0 956 3,067 74.3 847 4,719


Available swine acres (total) na na na 7.2 156 610 10.0 150 1,413


Swine barn density (barn/mi2) na na na 0.1 2.4 13.5 0.9 2.9 9.6


Swine animal density (animal/mi2) na na na 370 2,448 10,388 242 2,394 9,139


Swine weight density (ton/mi2) na na na 7.3 180 701 16.3 146 625


Swine acre density (acre/mi2) na na na 0.8 39 176 2.2 27 187


Active poultry CAFOs (total) na na na na na na 1.0 1.0 8


Poultry barns (total) na na na na na na 1.0 4.0 35


Poultry barn density (barn/mi2) na na na na na na 0.2 0.9 5.7
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Table 8. Summary results of the ANOVA and Tukey multiple-comparison tests of watershed attributes by land-use type.
[The null hypothesis was that the mean ranks of each distribution were the same. ANOVA, analysis of variance; *, indicates significant difference (P ˂ 0.05); 
ns, no significant differences between site types based on ANOVA test; BK, background site type; SW, swine site type; SP, swine and poultry site type; CAFO, 
concentrated animal feeding operation; PAN, plant available nitrogen; SSLW, steady state live weight]


Watershed attribute
ANOVA test Tukey multiple-comparison test


p-value Site-type comparison pairs significant at α = 0.05


Land cover and hydrologic soil groups


Drainage area 0.0901 ns
Developed 0.7661 ns
Forested 0.3564 ns
Shrub 0.0008* BK-SW and BK-SP
Crops 0.2529 ns
Grassland 0.0920 ns
Wetlands 0.3126 ns
Hydrologic soil group total A 0.0005* BK-SP and SW-SP
Hydrologic soil group total B 0.4401 ns
Hydrologic soil group total C 0.6864 ns
Hydrologic soil group D 0.0358* BK-SP


Swine CAFO attributes


Permitted active swine CAFOs 0.0768 ns
Total allowable PAN 0.7332 ns
Total generated PAN 0.5980 ns
Swine lagoons 0.2239 ns
Swine barns 0.2530 ns
Swine animals 0.3183 ns
Total swine SSLW 0.6870 ns
Available swine acres 0.8770 ns
Swine barn density 0.4008 ns
Swine animal density 0.9014 ns
Swine weight density 0.8043 ns
Swine acre density 0.6198 ns
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Hydrologic Conditions During Sampling


Typical site conditions during sampling at most of the 
study sites included low streamflow velocity coupled with 
varying degrees of submerged and floating aquatic vegeta-
tion within and along the stream channel. Because of these 
conditions, it was not feasible to measure stream discharge 
at the study sites during sampling. Therefore, regional 
precipitation and streamflow data collected at active USGS 
monitoring stations (tables 3, 4; fig. 2), as well as δ2H and δ18O 
isotopic results for precipitation and stream samples, were 
used to assess general hydrologic conditions in the study area 
during the six sampling periods (June, August, October, and 
December in 2012, and February and April in 2013).


Precipitation


Regional precipitation measured during the study at 
the raingage monitoring sites (table 3; fig. 2) was slightly 
below normal levels. The annual precipitation recorded from 
May 1, 2012, through April 30, 2013, at raingage sites RG-01 
(35.77 inches [in.]), RG-02 (40.49 in.), RG-03 (47.98 in.), 
and RG-04 (48.34 in.) has an average value of 43.14 in. 
Note that the annual values for RG-01 and RG-03 represent 


a lower limit because these sites had 17 days and 3 days, 
respectively, of missing data where precipitation was not 
recorded. The average annual precipitation is 45.60 in. if 
site RG-01 is excluded. Normal average annual precipitation 
in the study area, based on the 30-year period 1971–2000, 
ranges from about 46 to 52 in. (State Climate Office of 
North Carolina, n.d.). 


Mean 7-day precipitation totals were used to document 
the differences in the amount of rainfall in the study area 
among the water-quality sampling periods (table 9; fig. 3). 
Overall, antecedent field conditions for the sampling periods 
were wetter for August and February, intermediate for June 
and April, and drier for October and December. It is important 
to note that for a given sampling event, there may have been 
considerable local differences in precipitation amounts among 
the study sites. For example, scattered thunderstorms occurred 
throughout the study area for the August period. The uneven 
distribution of precipitation is reflected by the higher standard 
deviations associated with the mean 7-day precipitation totals 
for August relative to the other sampling periods (table 9). The 
February sampling dates had mean 7-day precipitation totals 
similar to the August sampling dates, yet the lower standard 
deviations suggest that precipitation was more uniform across 
the study area during the February sampling event.


Table 9. Summary of the cumulative 7-day precipitation totals preceding each sample collection date based on 
raingage monitoring sites RG-01, RG-02, RG-03, and RG-04 (site locations in figure 2 and table 3).


Sample date
Number of primary 


study sites sampled
7-day precipitation total (inches)


Minimum Maximum Mean Standard deviation
06/13/12 10 0.20 0.83 0.51 0.32
06/14/12 12 0.20 0.83 0.51 0.32
06/15/12 8 0.20 0.83 0.51 0.32
06/18/12 12 0.20 0.83 0.51 0.32
06/19/12 12 0.11 0.46 0.23 0.20
08/26/12 22 1.10 3.18 2.01 0.89
08/27/12 23 1.13 2.39 1.80 0.52
08/28/12 8 1.04 2.33 1.72 0.53
10/21/12 14 0.12 0.18 0.16 0.03
10/22/12 17 0.12 0.18 0.16 0.03
10/23/12 17 0.00 0.08 0.04 0.04
10/24/12 4 0.00 0.08 0.03 0.04
12/09/12 13 0.01 0.17 0.07 0.07
12/10/12 23 0.01 0.17 0.08 0.07
12/11/12 14 0.01 0.17 0.08 0.07
12/12/12 4 0.01 0.25 0.10 0.10
02/11/13 19 1.51 1.88 1.70 0.19
02/12/13 24 1.57 2.11 1.84 0.24
02/13/13 11 1.57 2.25 1.91 0.28
04/17/13 2 0.67 0.76 0.73 0.04
04/18/13 7 0.67 0.76 0.73 0.04
04/19/13 2 0.67 0.76 0.73 0.04
04/21/13 9 0.76 0.94 0.84 0.08
04/22/13 21 0.76 0.94 0.84 0.08
04/23/13 13 0.59 1.13 0.81 0.23
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Figure 3. Mean cumulative 7-day precipitation totals preceding each sample 
collection date based on raingage monitoring sites RG-01, RG-02, RG-03, and RG-04 
(site locations in figure 2 and table 3).


Streamflow


Relative differences in regional streamflow conditions 
during the water-quality sampling periods were inferred from 
streamflow records from six streamgage sites distributed 
throughout the study area (figs. 2, 4). The streamgage sites 
represent basin drainage areas ranging from 45 to 599 mi2. 
Drainage areas for the primary study sites are considerably 
smaller, ranging from 1.2 to 17.5 mi2. Although the magnitude 
of streamflow and the duration and timing of peak streamflows 
likely differ between the streamgage sites and the study sites, 
the hydrographs are useful indicators of relative streamflow 
trends throughout the study area during the sampling periods 
and the entire study period. 


Streamflow conditions during most of the sampling periods 
were similar to or higher than historical streamflow conditions 
in the study area. Daily mean streamflows at the six streamgage 
sites during the study period (May 2012 through April 2013) 
are shown relative to long-term median daily mean streamflows 
for the 25-year period from May 1988 through April 2013 
(fig. 4). In general, streamflows for the June, October, and April 
sampling periods were fairly similar to the long-term median 
values. Streamflows for the August and February periods tended 


to be substantially higher, and streamflows for the December 
period tended to be substantially lower relative to historical 
conditions.


Streamflow conditions varied among the six sampling 
periods (fig. 4). Compared to other sampling periods, 
streamflow conditions were relatively higher during the August 
and February sampling periods when precipitation amounts 
in the study area were higher (fig. 3) and overland transport 
of water to the streams was greater. The intermediate to lower 
streamflow conditions for the June, October, December, and 
April sampling periods reflect less precipitation and overland 
transport of water to the streams and a larger component of 
streamflow derived from groundwater compared to the August 
and February periods. The typically higher and more sustained 
stream-baseflow conditions (fig. 4) observed during the winter 
and early spring months (generally January to April) reflect 
greater groundwater discharge and likely higher inputs from 
field drainage ditches when the water table in the surficial 
aquifers is high. Variations in stream water quality at the 
study sites among sampling periods with higher versus lower 
relative streamflows may reflect relative differences in source 
contributions of water-quality constituents delivered through 
groundwater discharge and overland runoff. 







Characterization of Watershed Settings and Hydrologic Conditions  2322  Surface-Water Quality in Agricultural Watersheds of the North Carolina Coastal Plain Associated with CAFOs


Sample
dates


Sample
dates


Sample
dates


Sample
dates


Sample
dates


Sample
dates


Daily mean streamflow during study period from May 2012 through April 2013
Historical median daily mean streamflow for 25-year period from
May 1988 through April 2013


EXPLANATION


SG-01 (drainage area is 108 square miles)


SG-04 (drainage area is 168 square miles)


SG-02 (drainage area is 45 square miles)


SG-05 (drainage area is 599 square miles)


SG-03 (drainage area is 80.4 square miles)


SG-06 (drainage area is 229 square miles)


1,000


100


10


1


0.1


10,000


1,000


100


10


1


10,000


1,000


100


10


1


10,000


1,000


100


10


1,000


100


10


1


1,000


100


10


1


M
ay


 
Ju


ne
 


Ju
ly 


Au
g.


 
Se


pt
. 


Oc
t. 


No
v. 


De
c.


 
Ja


n.
 


Fe
b.


 
M


ar
. 


Ap
r. 


M
ay


 


Da
ily


 m
ea


n 
st


re
am


flo
w


, i
n 


cu
bi


c 
fe


et
 p


er
 s


ec
on


d


2012 2013


M
ay


 
Ju


ne
 


Ju
ly 


Au
g.


 
Se


pt
. 


Oc
t. 


No
v. 


De
c.


 
Ja


n.
 


Fe
b.


 
M


ar
. 


Ap
r. 


M
ay


 
2012 2013


Figure 4. Streamflow hydrographs at sites SG-01, SG-02, SG-03, SG-04, SG-05, and SG-06 showing dates water-quality 
samples were collected during the study and historical median daily mean streamflows (site locations in figure 2 and table 4).







24  Surface-Water Quality in Agricultural Watersheds of the North Carolina Coastal Plain Associated with CAFOs


Water Stable Isotopes


Stable isotopes of water (δ2H and δ18O) in precipitation 
and stream samples also were used to characterize general 
hydrologic conditions during the sampling periods. The 
δ2H and δ18O data for precipitation samples collected from 
July 2012 to April 2013 at rainfall monitoring sites RG-01 
and RG-02 (fig. 2; appendix A4-2) were used to create a 
local meteoric water line (LMWL) for the Coastal Plain 
study area (fig. 5). The LMWL is represented by the linear 
relation between the δ2H and δ18O isotopic compositions in 
the precipitation samples:


  δ2H = 8.33 * δ18O + 16.75           (2) 
 


The slope of 8.33 for the LMWL determined in this study 
is similar to the meteoric water line (MWL) equation 
(δ2H = 8.29 * δ18O + 10.94) determined by Kendall and 
Coplen (2001) using average values of surface-water samples 
obtained from 391 sites throughout the United States and 
Puerto Rico.


The δ2H and δ18O isotopic compositions of the samples 
collected at the primary sites (appendix A4-1) were com-
pared to the LMWL to examine general differences in stream 
hydrologic conditions during the sampling periods (fig. 6). In 
general, surface-water samples with δ2H and δ18O values that 
correspond to the LMWL indicate that water in the streams 
reflects more recent inputs of precipitation to the land 
surface, which ultimately reaches the streams through runoff 
and groundwater discharge, that has undergone little frac-
tionation. Samples with δ2H and δ18O values that plot along a 
line with a slope lower than the LMWL can be an indication 


that post-rainfall processes, commonly evaporation, altered 
the isotopic composition of the stream water prior to sample 
collection (Kendall and Coplen, 2001). As surface water 
evaporates, there is a preferential release of the lighter 1H 
and 16O isotopes to the atmosphere, which increases the δ2H 
and δ18O values of the remaining stream water; the values 
become increasingly more positive as evaporation proceeds.


During the six sampling periods, the δ2H and δ18O 
values for the February 2013 stream samples corresponded 
most closely to the LMWL (fig. 6E), reflecting the recent 
inputs of overland runoff when evaporation was least 
likely to have occurred (figs. 3, 4). The regression line for 
the February 2013 samples, with a slope of 6.97, almost 
paralleled the LMWL. For reference purposes, the regression 
line for the February 2013 data was superimposed on each 
of the δ2H and δ18O isotopic plots for the other five periods 
(fig. 6) to relate the isotopic compositions for those periods 
to the February period. The δ2H and δ18O values for the 
August 2012 samples plotted along a line with a slope of 
6.08 (fig. 6B) that was just below the slope of 6.97 for the 
February 2013 period. The August samples had the largest 
observed range in δ2H values (–12.3 to –37.3 ‰) and δ18O 
values (–2.3 to –6.5 ‰). The August samples in the lower 
part of the regression line had isotopic signatures similar 
to the LMWL, indicating that stream water at some of the 
sites had received recent inputs of overland runoff and was 
minimally influenced by evaporation. August samples in the 
upper part of the regression line had more positive isotope 
δ2H and δ18O values that diverged to the right of the LMWL 
(fig. 6B), reflecting increased effects of evaporation and a 
lack of recent runoff at some of the sites sampled during 
August.
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Figure 5. Comparison of delta oxygen-18 to delta hydrogen-2 isotope values in precipitation samples 
collected from July 2012 to April 2013 at raingage sites RG-01 and RG-02 in the Coastal Plain study 
area.
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More pronounced effects of evaporation on the isotopic 
compositions at the stream sites were noted for the June, 
October, and December 2012 periods and the April 2013 
period where the δ2H and δ18O values, with regression line 
slopes ranging from 5.11 to 5.74, plotted farthest away from 
the LMWL (fig. 6). These results support the previous discus-
sion of the precipitation and streamflow data, which implied 
that streamflow conditions were relatively higher during the 
August and February periods as a result of increased rainfall 
and overland runoff (figs. 3, 4). Evaporation appeared to have 
a more influential effect on the surface-water δ2H and δ18O 
compositions during the June, October, December, and April 
periods. These periods were characterized by intermediate 
to lower streamflow conditions when there was less rainfall 
runoff to the streams and proportionally more input from 
discharging groundwater.


Comparison of Water-Quality Data by 
Sampling Period and Land-Use Type


Two-way ANOVA and multiple-comparison statistical 
tests were performed to characterize differences in stream 
water quality among the sampling periods (June, August, 
October, and December in 2012, and February and April 
in 2013) and watershed land-use types (BK, SW, and SP). 
Many of the water-quality properties and constituents were 
significantly influenced (ANOVA P<0.05) by one or both of 
the explanatory variables (sampling period and (or) land-use 
type) but there were no effects due to their combined interac-
tion (sampling period:land-use type) (table 10). The lack of 
interaction indicates that the effects of sampling period and 
land-use type for a given constituent are independent; in 
other words, the effect of sampling period is the same across 
all land-use types and the effect of land-use type is the same 
across all sampling periods.


Seasonal and Flow-Related Water-Quality 
Differences


All of the water-quality properties and constituents, 
except calcium and the nitrate+nitrite isotopes (δ15N and δ18O), 
had significant (ANOVA, P<0.05) differences among the 
sampling periods (table 10) based on data collected at the 54 
primary sites. Differences reflected seasonal and hydrologic 
variations, as well as instream processes. Statistical summa-
ries, by sampling period, of the original (non-ranked trans-
formed) water-quality data are provided in tabular (table 11) 
and graphical formats (fig. 7) to aid the discussion. Figure 7 
contains box plots for properties and constituents with signifi-
cant differences (ANOVA P<0.05) among sampling periods; 
results of the multiple-comparison tests among the periods are 
denoted along the top of the plots. Rather than scrutinizing 
individual comparison pairs, the following discussion focuses 


on patterns among the sampling periods that reflect seasonal 
and hydrologic influences on water quality. Although ANOVA 
indicated a significant (P=0.039) difference for magnesium 
among sampling period (table 10), the multiple-comparison 
test did not identify any comparison pairs that were considered 
(P<0.05) different.


Water temperature followed an expected seasonal 
progression (fig. 7A). Specific conductance values were 
relatively lower during the August and February periods 
when rainfall was greatest, and higher for the October and 
December periods, when rainfall was least, although the 
difference was significant only for the December period 
(fig. 7B). Specific conductance in streams commonly is lower 
during high streamflows through dilution from overland 
runoff, and higher during low streamflows when baseflow, or 
groundwater discharge, is a larger component of the overall 
streamflow. Sodium (fig. 7E), potassium (fig. 7F), and chloride 
concentrations (fig. 7G) had distributions similar to specific 
conductance (fig. 7B) with highest concentrations during the 
drier December period.


In well-mixed, open flowing streams, DO concentrations 
typically are higher at cold temperatures and lower at warm 
temperatures. This is a result of higher solubility of dissolved 
gases in water at low temperatures. Although water tempera-
tures (fig. 7A) followed expected seasonal patterns among the 
six sampling periods, there was no apparent relation between 
water temperature and DO (fig. 7C), with the exception of the 
February period. The streams examined in this study typically 
are slow moving and enriched with organic matter; low levels 
of DO are common in these stream settings. The variations 
in DO concentrations observed among the sampling periods 
likely reflect the integrated effects of hydrologic differences, 
such as the influx of oxygenated water from precipitation and 
overland runoff, and seasonal differences in the consumption 
of DO by microbial degradation of organic matter. The higher 
flow conditions for the February and August periods and 
intermediate flow conditions for the April period indicate 
more recent stream influxes of precipitation and runoff and, 
hence oxygenated water, were associated with these periods 
relative to the June, October, and December periods. The 
twofold difference in median DO concentrations between the 
February (8.0 mg/L) and August (3.6 mg/L) periods with the 
highest flow conditions appears to reflect seasonal differences 
in the microbial consumption of oxygen for degrading organic 
matter, which proceeds more quickly under warmer conditions 
and more slowly under cooler conditions. Although water 
temperatures were lower for October and December relative 
to August, the similarly low median DO concentrations 
for the drier October (2.4 mg/L) and December (2.1 mg/L) 
periods suggest that a substantial amount of microbial oxygen 
consumption occurred during the more sluggish streamflow 
conditions. 


Concentrations of nutrients also differed among 
the sampling periods (table 10; fig. 7). Many biological, 
chemical, and physical processes can influence the forms 
and instream concentrations of the N and P constituents, 
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Table 10. Summary results of the two-way ANOVA tests on the ranked values of the water-quality properties and constituents based on sampling period and land-use type.
[The null hypothesis was that the mean ranks of each distribution were the same. *, indicates significant difference (P ˂ 0.05); <, less than; N, nitrogen; P, phosphorus; δ, delta]


Explanatory 
grouping variable


p-values for water-quality properties p-values for major ions


Water 
temperature


Specific 
conductance


Dissolved 
oxygen


pH Calcium Magnesium Sodium Potassium Chloride Sulfate


Sampling period <0.001* 0.001* <0.001* 0.015* 0.220 0.039* <0.001* <0.001* <0.001* <0.001*
Land-use type 0.254 <0.001* 0.157 <0.001* 0.084 <0.001* <0.001* <0.001* <0.001* <0.001*
Sampling period:Land-use type 0.224 0.936 0.751 0.977 0.996 0.980 0.921 0.800 0.367 0.778


Explanatory 
grouping variable


p-values for nutrients p-values for isotopes


Ammonia + 
organic N


Ammonia
Total 


organic N
Nitrate + 


nitrite
Total N Orthophosphate Total P


δ Nitrogen-15 
of nitrate + 


nitrite


δ Oxygen-18 
of nitrate + 


nitrite


Sampling period <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* 0.625 0.484


Land-use type 0.007* <0.001* 0.166 <0.001* <0.001* 0.533 0.106 <0.001* 0.221
Sampling period:Land-use type 0.322 0.405 0.335 0.906 0.457 0.755 0.726 0.954 0.721
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Table 11. Statistical summary of water-quality properties and constituents by sampling period.
[diss., dissolved; mg/L, milligrams per liter; <, less than; µS/cm, microsiemens per centimeter; °C, degrees Celsius, N, nitrogen; P, phosphorus; O, oxygen; ‰, per mil]


Chemical 
constituent or 
property (unit)


June 2012 August 2012 October 2012


Number of 
samples


Minimum Median Maximum
Number of 
samples


Minimum Median Maximum
Number of 
samples


Minimum Median Maximum


Water-quality properties
Temperature, water (°C) 54 18.5 21.3 26.2 52 20.6 23.1 27.3 52 12.1 13.9 17.8


Specific conductance  
(µS/cm at 25 °C)


53 48 121 318 51 49 107 318 51 51 133 440


Oxygen, diss. (mg/L) 54 0.03 1.9 8.1 52 0.04 3.6 6.9 52 0.02 2.4 9.2


pH (standard units) 53 4.9 6.1 7.0 52 4.7 6.1 7.2 52 5.1 6.2 7.0


Major ions
Calcium, diss. (mg/L) 53 2.01 8.41 43.9 51 1.94 6.29 27.2 51 1.94 7.63 35.6


Magnesium, diss. (mg/L) 53 0.78 3.38 7.85 51 0.76 2.52 6.85 51 0.80 3.42 7.81


Sodium, diss. (mg/L) 53 3.74 5.99 15.1 51 2.17 5.24 16.2 51 3.04 6.79 36.0


Potassium, diss. (mg/L) 53 0.90 4.73 17.4 51 1.49 5.27 24.2 51 2.18 5.72 46.2


Chloride, diss. (mg/L) 53 7.60 15.0 34.8 51 5.06 12.7 35.1 51 7.05 17.6 65.3


Sulfate, diss. (mg/L) 53 0.19 3.91 33.5 51 0.14 5.36 29.3 51 0.14 4.34 43.0


Nutrients
Ammonia + organic N, total 


(mg/L as N)
54 0.16 1.0 2.9 52 0.60 1.0 6.3 52 0.22 0.83 7.4


Ammonia, diss. (mg/L as N) 54 0.013 0.140 0.932 52 <0.010 0.060 4.05 52 <0.010 0.044 4.70


Total organic N (mg/L as N) 54 0.12 0.88 2.7 52 0.59 0.96 2.3 52 0.21 0.75 2.7


Nitrate + nitrite, diss. (mg/L as N) 54 <0.040 0.066 5.97 52 <0.040 0.123 4.28 52 <0.040 0.049 6.66


Total N (mg/L as N) 54 0.20 1.3 6.8 52 0.71 1.2 7.4 52 0.34 1.0 14.0


Orthophosphate, diss. (mg/L as P) 54 <0.004 0.039 0.461 52 <0.004 0.042 0.399 52 <0.004 0.029 0.466


Total P (mg/L as P) 54 0.020 0.140 0.981 52 0.013 0.141 0.702 52 0.012 0.101 0.860


Isotopes
δ15N of nitrate + nitrite (‰) 24 5.34 13.33 39.21 27 5.12 12.98 48.88 22 6.24 15.42 39.48


δ18O of nitrate + nitrite (‰) 24 –1.39 7.86 19.89 27 0.67 9.46 22.98 22 2.37 8.66 19.63
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Table 11. Statistical summary of water-quality properties and constituents by sampling period.—Continued
[diss., dissolved; mg/L, milligrams per liter; <, less than; µS/cm, microsiemens per centimeter; °C, degrees Celsius, N, nitrogen; P, phosphorus; O, oxygen; ‰, per mil]


Chemical 
constituent or 
property (unit)


December 2012 February 2013 April 2013


Number of 
samples


Minimum Median Maximum
Number of 
samples


Minimum Median Maximum
Number of 
samples


Minimum Median Maximum


Water-quality properties
Temperature, water (°C) 54 8.9 12.7 17.1 54 7.2 11.1 14.8 54 11.6 14.3 21.1


Specific conductance  
(µS/cm at 25 °C)


53 49 141 465 53 56 114 328 53 52 120 271


Oxygen, diss. (mg/L) 54 0.01 2.1 7.4 54 1.9 8.0 10.5 54 0.02 5.0 10.1


pH (standard units) 54 5.1 6.0 7.0 54 4.2 6.0 6.7 54 4.7 6.3 7.0


Major ions
Calcium, diss. (mg/L) 53 1.92 8.58 37.8 53 2.01 6.37 18.2 53 1.73 6.99 21.4


Magnesium, diss. (mg/L) 53 0.80 3.56 11.3 53 1.00 2.94 7.74 53 0.81 2.90 6.22


Sodium, diss. (mg/L) 53 3.26 7.33 24.2 53 3.73 5.89 16.7 53 3.78 6.75 17.4


Potassium, diss. (mg/L) 53 1.58 6.44 27.2 53 1.54 4.94 24.9 53 0.60 4.75 19.4


Chloride, diss. (mg/L) 53 7.62 20.0 59.1 53 7.89 14.7 37.5 53 8.84 15.4 34.4


Sulfate, diss. (mg/L) 53 0.21 3.53 46.7 53 2.43 10.8 28.6 53 0.31 4.37 15.7


Nutrients
Ammonia + organic N, total 


(mg/L as N)
54 0.18 0.81 2.0 54 0.32 0.66 1.5 54 0.52 1.1 4.8


Ammonia, diss. (mg/L as N) 54 <0.010 0.056 0.761 54 <0.010 0.030 0.284 54 <0.010 0.182 3.42


Total organic N (mg/L as N) 54 0.18 0.70 1.4 54 0.30 0.56 1.4 54 0.48 0.85 2.0


Nitrate + nitrite, diss. (mg/L as N) 54 <0.040 <0.040 7.94 54 <0.040 0.993 15.9 54 <0.040 0.153 5.04


Total N (mg/L as N) 54 0.22 0.94 9.1 54 0.36 1.6 17.0 54 0.56 1.3 6.4


Orthophosphate, diss. (mg/L as P) 54 <0.004 0.034 0.713 54 <0.004 0.009 0.052 54 <0.004 0.034 0.347


Total P (mg/L as P) 54 0.011 0.128 1.14 54 0.009 0.044 0.525 54 0.013 0.132 0.859


Isotopes
δ15N of nitrate + nitrite (‰) 19 6.09 15.33 38.64 46 6.08 11.33 22.87 32 4.92 13.22 30.65


δ18O of nitrate + nitrite (‰) 19 5.36 8.60 21.33 46 5.18 9.31 14.01 32 3.46 8.87 16.60
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Figure 7. Distributions of (A) temperature, (B) specific conductance, (C) dissolved oxygen, (D) pH, (E) sodium, (F) potassium, 
(G) chloride, (H) sulfate, (I) ammonia plus organic nitrogen, (J) ammonia, (K) total organic nitrogen, (L) nitrate plus nitrite, 
(M) total nitrogen, (N) orthophosphate, and (O) total phosphorus for all study sites based on sampling period (for a given constituent, if 
a sampling period contains the same letter above it as another sampling period, there is no statistical difference between them at the 
95 percent confidence level).
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Figure 7. Distributions of (A) temperature, (B) specific conductance, (C) dissolved oxygen, (D) pH, (E) sodium, (F) potassium, 
(G) chloride, (H) sulfate, (I) ammonia plus organic nitrogen, (J) ammonia, (K) total organic nitrogen, (L) nitrate plus nitrite, 
(M) total nitrogen, (N) orthophosphate, and (O) total phosphorus for all study sites based on sampling period (for a given constituent, if 
a sampling period contains the same letter above it as another sampling period, there is no statistical difference between them at the 
95 percent confidence level).—Continued
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including assimilation and release by algae and aquatic plants; 
microbially mediated reactions like denitrification; adsorption 
and desorption processes; and exchange between streambed 
sediment and the overlying water column (Mulholland, 1992; 
McMahon and Böhlke, 1996; Mulholland and Hill, 1997; 
Mainstone and Parr, 2002; Dunne and Reddy, 2005). Interest-
ingly, geochemically reducing conditions present in the buffer 
and hyporheic zones that help mitigate the amount of nitrate in 
groundwater discharged to the streams are the same conditions 
that can promote the mobilization and release of sorbed P from 
streambed deposits, including sediment derived from upland 
areas and decaying organic matter, into overlying stream water 
(Spruill, 2000; Spruill and others, 2005).


The results for nitrate+nitrite (fig. 7L) were notably 
different than the results for ammonia (fig. 7J) and organic 
N (fig. 7K). Nitrate+nitrite concentrations were substantially 
influenced by microbial denitrification, a process that reduces 
nitrate during anaerobic decomposition of organic matter. The 
median nitrate+nitrite concentration of 0.993 mg/L observed 
for February was substantially higher than the median con-
centrations for the other sampling periods, which ranged from 
<0.040 to 0.153 mg/L (table 11). The higher nitrate+nitrite 
concentrations for February coincided with higher streamflows 
and DO concentrations, and thus appear to reflect more 
overland contributions of nitrate in water from upstream field-
drainage ditches to the streams, as well as less denitrification, 
for that period. These conditions are most likely to occur in 
the winter when the water table is high and the nitrate that is 
contributed to field ditches (from runoff, lateral groundwater 
inflows, and tile drainage) is likely to bypass the otherwise 
anoxic zones in near stream areas. Nitrate in the field ditches 
is rapidly carried to the main stem of the streams during high 
flows and is subject to less instream processing, including 
denitrification and uptake by plants and algae, when stream 
water temperatures are cold (fig. 7A) and DO concentrations 
are elevated (fig. 7C), as noted for the February sampling 
period. The lower nitrate+nitrite concentrations that occurred 
under the more reduced DO conditions during the June, 
August, October, and December sampling periods reflect a 
higher amount of denitrification. The highest median total N 
concentration of 1.6 mg/L also was observed for February 
(fig. 7M), reflecting the larger contribution from nitrate+nitrite 
compared to organic N, which constituted the more dominant 
fraction of total N among the other sampling periods.


Interestingly, sulfate (fig. 7H) had a similar distribution 
among the sampling periods as did both DO (fig. 7C) and 
nitrate+nitrite (fig. 7L). Sulfate concentrations were signifi-
cantly higher during the February period. During the other 
periods with lower DO concentrations, sulfate apparently was 
reduced to other forms of sulfur.


In contrast to nitrate+nitrite, the median concentrations 
of ammonia (0.030 mg/L) and total organic N (0.56 mg/L) 
were lowest for the February period (fig. 7J, K; table 11). 
Similar to the seasonal pattern observed for water temperature 
(fig. 7A), median organic N concentrations were highest 
during the warm, growing-season months (June, August, 


and April) and steadily decreased through the fall and winter 
periods (October, December, and February). Organic N in 
streams occurs in both the dissolved form, such as urea, amino 
acids, and humic substances, and the particulate form, such 
as phytoplankton, zooplankton, microorganisms, and organic 
detritus. In this study, the dissolved organic N fraction was not 
measured. Therefore, the extent to which dissolved or particu-
late substances contributed to the organic nitrogen pool is not 
known. The observed pattern for total organic N is possibly 
influenced by algal and aquatic plant production, which likely 
would be higher during spring and summer and lower during 
the more dormant winter months.


Interesting differences among sampling periods also 
were noted for ortho-P (fig. 7N) and total P (fig. 7O). Overall 
concentrations for ortho-P (median of 0.009 mg/L) and total 
P (median 0.044 mg/L) were lowest in the February sampling 
period, the same period when the highest concentrations of 
nitrate+nitrite (fig. 7L) observed in the streams were attributed 
to increased overland transport of water through upstream 
field-drainage ditches. Concentrations of ortho-P and total 
P during the August period with higher flow conditions 
were not significantly different from the intermediate- or 
lower-flow sampling periods. In free-flowing streams with no 
point-source inputs, higher P concentrations in surface water 
tend to occur during higher streamflows in association with 
increased sediment inputs from overland runoff. In contrast, 
P patterns observed at the swampy, sluggish streams in this 
study area suggest that instream processes play a dominant 
role in P cycling. These processes may include adsorption/
desorption processes and assimilation by aquatic plants, algae, 
and microbes in both the bed material and water column 
(Mainstone and Parr, 2002; Dunne and Reddy, 2005). The 
higher P concentrations observed during the more reduced 
DO conditions for the June, August, October, December, and 
April sampling periods possibly reflect higher amounts of 
algal biomass and (or) P releases into the water column from 
microbial degradation of organic matter and (or) desorption 
from organic substrates or anoxic bed sediments.


In summary, seasonal and hydrologic factors influenced 
water quality in these Coastal Plain agricultural watersheds. 
The differences noted among the sampling periods indicate 
that the interactions between seasonal climatic differences, 
streamflow conditions, and instream biotic and abiotic 
processes are complex and their integrated effects can have 
varying degrees of influence on individual nutrients. These 
findings are important to consider when developing studies 
to assess stream nutrient conditions in similar Coastal Plain 
settings and can inform the choice of specific objectives, 
nutrients to be examined, and overall timeline and frequency 
of sampling needed to capture seasonal and (or) hydrologic 
variability in the data.
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Water-Quality Differences Related to Watershed 
Land-Use Type


Many of the water-quality properties and constituents 
were significantly influenced (ANOVA P<0.05) by watershed 
land-use type (table 10) on the basis of the results for all six 
sampling periods. Water-quality differences among the three 
land-use types, or groups (18 BK sites, 18 SW sites, and 18 
SP sites), were examined to better understand potential CAFO 
influences. Statistical summaries, by land-use group, of the 
original (non-ranked transformed) water-quality data are 
provided in tabular (table 12) and graphical formats (fig. 8) to 
aid the discussion. Figure 8 includes box plots for properties 
and constituents with significant differences (ANOVA P<0.05) 
among land-use groups; results of the multiple-comparison 
tests among the groups are denoted along the top of the plots. 
No significant differences in water temperature, DO, calcium, 
total organic N, ortho-P, total P, and δ18O of nitrate+nitrite 
were noted among the land-use types.


Significant differences were noted in specific conduc-
tance, pH, and all of the major ions, except calcium, among 
the land-use groups (table 10). Specific conductance, pH, 
magnesium, sodium, potassium, and chloride were signifi-
cantly different between the BK and SW sites and the BK and 
SP sites, but not between the SW and SP sites (fig. 8A–F). 
Median specific conductance values for the SW and SP sites 
were higher than the BK sites, which reflects the higher 
median concentrations of dissolved magnesium, sodium, 
potassium, and chloride also noted at the SW and SP sites. 
Median pH values also were higher for the SW and SP sites 
relative to the BK sites. Sulfate (fig. 8G) for the SP sites was 
significantly different than both the BK and SW sites.


Median concentrations of ammonia+organic N, ammonia, 
and total N were higher at the SW and SP sites than at the BK 
sites (fig. 8H, I, and K; table 12). No significant difference in 
total organic N was noted among the land-use groups, sug-
gesting that the differences in ammonia+organic N between 
the BK and SW sites and the BK and SP sites are associated 
with the ammonia fraction. Nitrate+nitrite was the only 
constituent found to be significantly different between all three 
land-use groups (fig. 8J). Median nitrate+nitrite concentrations 
progressively increase from the BK to the SW to the SP sites. 
Interestingly, no significant differences were identified for the 
P nutrients (ortho-P or total P) on the basis of land-use type 
(table 10). 


Similar to the N constituents, median δ15N values 
of nitrate+nitrite for the SW and SP sites were higher, or 
more positive, than the BK sites (fig. 8L), indicating that 
nitrate+nitrite at the SW and SP sites was more enriched in 
15N. The higher median δ15N values of nitrate+nitrite likely 
indicate that N inputs to streams at the SW and SP sites were 
more influenced by animal-manure sources; however, it is 
important to note that other processes, such as denitrification 
and assimilation by algae, also may have influenced the 
observed δ15N values of nitrate+nitrite.


These results indicate that waste-manure storage and (or) 
field applications at the CAFOs have increased surface-water 
concentrations of selected constituents at the SW and SP sites 
above those noted for the BK sites, which do not contain any 
active CAFOs. Although the various types and amounts of 
commercial fertilizer products used in the watersheds of the 
individual study sites are unknown, it is considered unlikely 
that the significant differences noted in the water-quality 
constituents would only occur between the BK group of sites 
and both CAFO site groups (SW and SP) and not between 
the SW and SP site groups if related solely to differences in 
commercial fertilizer use. Most of the statistically significant 
differences for major ions (magnesium, sodium, potassium, 
and chloride) and nutrients (ammonia+organic N, ammonia, 
nitrate+nitrite, and total N) occurred between the BK and SW 
sites and the BK and SP sites (fig. 8). The median concentra-
tions of these constituents were all higher at the SW and SP 
sites relative to the BK sites. 


It is unclear whether the lack of detectable differences 
in P among the land-use groups indicates that stream inputs 
of P were the same among the study watersheds with and 
without animal-waste manure applications or whether other 
environmental processes (like sediment deposition, adsorption/
desorption, and assimilation) have obscured differences in 
source inputs of P derived from commercial fertilizer and (or) 
animal-waste manure.


Phosphorus, which is relatively immobile in soil, 
typically is transported to streams in particulate form during 
overland runoff. The more soluble N constituents, such as 
ammonia and nitrate+nitrite, are prone to leaching in soils 
and may be transported to streams through both groundwater 
discharge and overland runoff. The disparity between N and P 
response among the sites may reflect differences in transport 
pathways or instream processing that influenced instream 
concentrations of these two classes of nutrients.
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Table 12. Statistical summary of water-quality properties and constituents by land-use type.
[diss., dissolved; mg/L, milligrams per liter; %, percent; µS/cm, microsiemens per centimeter; °C, degrees Celsius, N, nitrogen; P, phosphorus; O, oxygen; δ, delta; <, less than; ‰, per mil]


Chemical property
or constituent (unit)


Background (BK) sites Swine (SW) sites Swine and poultry (SP) sites


Number of 
samples


Minimum Median Maximum
Number of 
samples


Minimum Median Maximum
Number of 
samples


Minimum Median Maximum


Water-quality properties
Temperature, water (°C) 106 7.2 14.7 27.3 108 8.0 14.2 26.2 106 8.0 14.6 24.4
Specific conductance (µS/cm at 25 °C) 106 49 98 264 102 48 132 328 106 50 138 440
Oxygen, diss. (mg/L) 106 0.01 3.2 10.4 108 0.01 3.4 10.1 106 0.01 4.3 10.5
pH (standard units) 105 4.2 6.0 6.8 108 4.7 6.2 6.9 106 4.3 6.2 7.2


Major ions
Calcium, diss. (mg/L) 106 1.73 6.92 15.9 102 1.94 8.52 19.7 106 2.34 7.16 43.9
Magnesium, diss. (mg/L) 106 1.45 2.64 4.61 102 0.76 3.34 7.74 106 0.92 3.76 11.3
Sodium, diss. (mg/L) 106 2.17 5.41 24.2 102 3.67 6.90 16.0 106 3.15 6.80 36.0
Potassium, diss. (mg/L) 106 0.60 3.90 15.6 102 0.90 6.84 24.9 106 1.41 6.58 46.2
Chloride, diss. (mg/L) 106 5.06 14.0 53.2 102 7.84 17.3 37.7 106 6.01 17.1 65.3
Sulfate, diss. (mg/L) 106 0.14 3.84 46.7 102 0.14 5.14 28.6 106 0.64 6.92 28.4


Nutrients
Ammonia + organic N, total (mg/L as N) 106 0.36 0.83 2.3 108 0.32 0.94 4.8 106 0.16 0.96 7.4
Ammonia, diss. (mg/L as N) 106 <0.010 0.048 0.932 108 <0.010 0.102 3.42 106 <0.010 0.072 4.7
Total organic N (mg/L as N) 106 0.23 0.76 1.7 108 0.27 0.82 2.0 106 0.12 0.80 2.7
Nitrate + nitrite, diss. (mg/L as N) 106 <0.040 0.048 1.51 108 <0.04 0.173 15.9 106 <0.040 0.352 10.8
Total N (mg/L as N) 106 0.42 1.0 2.3 108 0.36 1.5 17.0 106 0.20 1.3 14.0
Ortho-phosphate, diss. (mg/L as P) 106 <0.004 0.026 0.713 108 <0.004 0.030 0.534 106 <0.004 0.026 0.466
Total P (mg/L as P) 106 0.015 0.098 1.14 108 0.009 0.122 0.981 106 0.012 0.100 0.860


Isotopes
δ15N of nitrate + nitrite (‰) 40 4.92 9.39 16.99 61 5.66 13.57 48.88 69 6.52 15.33 39.97
δ18O of nitrate + nitrite (‰) 40 5.18 9.43 16.27 61 –1.39 8.48 22.98 69 0.29 9.04 21.33
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Multi-Analyte Approach for 
Differentiating Sites With Water-
Quality Effects From CAFOs


The statistical evaluations discussed previously indicated 
that when all 54 primary study sites were examined col-
lectively on the basis of their land-use type (BK, SW, and 
SP), several water-quality differences related to animal-waste 
manures were identified for the SW and SP site groups. 
Interestingly, some individual SW and SP sites did not appear 
to be affected by animal-waste manures. Data were further 
evaluated to better understand distinctions among selected 
water-quality constituents at sites with and without CAFOs 
to aid identification of those SW and SP watersheds with 
measurable CAFO manure effects on water quality.


Insights Based on Multi-Site Reconnaissance 
Sampling Within Selected Watersheds During 
April 2013


During April 2013, samples were collected once at 23 
secondary sites within 9 of the primary watersheds to obtain 


water-quality data from upstream reaches. These secondary 
sites were located in proximity to either swine CAFOs and 
spray fields or to background agricultural fields. Nutrient 
and ion concentrations and the nitrate+nitrite stable isotope 
data were evaluated to distinguish sites where CAFO waste 
manures did or did not have a measurable effect on surface-
water quality.


Stable isotopes (δ15N and δ18O) of nitrate are often used in 
water-quality studies as environmental tracers for investigating 
anthropogenic sources of nitrogen (such as atmospheric 
deposition, commercial inorganic fertilizers, and organic 
animal manures and septic wastes). Kendall and others (2007) 
diagrammed common ranges, or fields, of nitrate δ15N and 
δ18O values derived or nitrified from various N sources (fig. 9). 
The δ18O values tend to be more useful for separating nitrate 
derived from atmospheric deposition or synthetic nitrate 
fertilizers from other sources. The δ15N values tend to be 
more useful for distinguishing nitrate derived from microbial 
nitrification of ammonium and (or) organic N in fertilizer, 
precipitation, soil, and animal manure or human septic waste 
because these sources have overlapping δ18O values, com-
monly between –10 and +15 ‰ (Kendall and others, 2007; 
Xue and others, 2009). 
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Figure 9. Common ranges in values of delta nitrogen-15 and delta oxygen-18 of nitrate derived from various 
nitrogen sources (modified from Kendall and others, 2007).
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Inorganic fertilizers and animal-waste manures, which 
are the main sources of N in the agricultural watersheds in 
this study, generally have distinct δ15N nitrate values (Kendall, 
1998). The δ15N values of nitrate originating from inorganic 
fertilizers typically are lower, about –5 to +5 ‰, than those 
from animal manures, which typically are higher and have 
a wider range of compositions, about 0 to +30 ‰ (Fogg and 
others, 1998; Kendall and others, 2007; Xue and others, 2009). 
Note that nitrate derived from human septic wastes generally 
has δ15N values of about +5 to +20 ‰ that are indistinguish-
able from animal manures (Fogg and others, 1998; Xue 
and others, 2009); however, human-derived wastes are not 
considered to be a substantial contributor of N to streams in 
the study watersheds. Although the δ15N values of soil nitrate 
derived from inorganic fertilizers tend to overlap those derived 
from the mineralization of natural soil organic N, about 0 to 
+8 ‰, they are often distinguishable from the higher nitrate 
δ15N values associated with animal-waste manures (Fogg and 
others, 1998; Kendall and others, 2007; Xue and others, 2009).


Comparing measured nitrate δ15N and δ18O values in 
samples against the general source boxes depicted in figure 9 
may be useful for assessing potential sources if the original 
source signal of the nitrate has not been substantially altered. 
Complications arise if the isotopic composition reflects a 
mixture of two or more nitrate sources and (or) has been 
influenced by biogeochemical processes, such as assimila-
tion or denitrification, that transform N, which can cause 
the altered δ15N and δ18O values to resemble those of other 
sources (Kendall and others, 2007). During the process of 
denitrification, microbes preferentially use the lighter 14N and 
16O isotopes, which enrich the remaining or residual nitrate 
pool with the heavier 15N and 18O isotopes, resulting in more 
positive nitrate δ15N and δ18O values. Denitrification causes 
coupled increases in the δ15N and δ18O values of the residual 
nitrate by an approximate 1:1 to 2:1 ratio (Böttcher and others, 
1990; Kendall and others, 2007).


The effects of denitrification are illustrated using an 
example of assumed nitrate having an initial δ15N value of 
5 ‰ and δ18O value of 5 ‰ similar to that derived from 
ammonium fertilizer or soil organic N (fig. 9). The two arrows 
indicate how the process of denitrification for nitrate with 
this initial isotopic signature produces residual nitrate δ15N 
to δ18O values that progressively increase along either a 1:1 
denitrification line (having a slope of 1) or 2:1 denitrification 
line (having a slope of 0.5). As the δ15N and δ18O values of 
the initial nitrate reflecting an ammonium fertilizer or soil 
organic N source become increasingly more positive during 
denitrification, they become more similar to those expected for 
nitrate derived from animal-waste manures, thereby confound-
ing interpretations of the nitrate sources.


These types of issues can make it complicated or 
impractical to identify nitrate sources solely on the basis of the 
nitrate isotopic compositions. It is beneficial to examine other 
chemical constituents in combination with the nitrate stable 
isotope data for differentiating sources of nitrate contamina-
tion in water (Spruill and others, 2002; Kendall and others, 


2007; Xue and others, 2009). In the North Carolina Coastal 
Plain, Karr and others (2001) and Spruill and others (2002) 
used δ15N data in combination with major ion data to examine 
sources of nitrate in groundwater. Karr and others (2001) used 
δ15N, potassium, and chloride data to examine swine-manure 
contamination in groundwater from a waste lagoon and spray 
field. Spruill and others (2002) evaluated the results of nitrate 
δ15N, nutrients (nitrate and ammonia) and major ions (calcium, 
magnesium, sodium, and potassium) with classification tree 
models to identify sources of groundwater nitrate derived from 
inorganic fertilizers, swine manure, poultry litter, and septic-
system wastes. Ratios of selected ion concentrations (calcium 
to magnesium and sodium to potassium) and summed 
concentrations of sodium+potassium were found to be useful 
indicators for distinguishing the different nitrate sources.


The examination of the April 2013 water-quality data for 
the primary and secondary study sites primarily focused on 
evaluating nitrate+nitrite and sodium+potassium concentra-
tions in combination with the nitrate+nitrite δ15N values for 
differentiating those sites with measurable effects of CAFO 
manure on water quality (table 13). Comments on whether the 
surface-water samples that were collected had the potential 
to be influenced by one or more CAFOs upstream from the 
sites are noted in table 13. Detailed evaluations of the data 
for each group of associated sites are provided separately 
as appendix A5. Insights based on the evaluations of the 
April 2013 dataset (appendix A5) are discussed below.


In six of the nine watersheds that were examined, 
measured effects of swine CAFO manure on surface water at 
one or more upstream secondary sites also were noted further 
downstream at the primary site locations (table 13). The extent 
to which influences of CAFO manure may be identified in 
surface water at downstream watershed locations likely varies 
depending on the particular watershed setting, including such 
things as basin size, density of CAFOs and their locations, 
the presence or absence of tile drains and field ditches, 
stream morphology, and streamflow conditions. Many of the 
secondary sites that were located next to or downstream from 
swine CAFOs were found to be influenced by swine manure in 
terms of nitrate+nitrite and sodium+potassium concentrations 
and nitrate+nitrite δ15N values. Conversely, no water-quality 
effect was noted at some of the sites (table 13), which suggests 
that all CAFOs do not necessarily have a measurable effect 
on these water-quality constituents in adjacent sections of 
streams.


The combined use of the nitrate+nitrite, 
sodium+potassium, and δ15N of nitrate+nitrite data proved 
valuable for identifying those 9 primary and 23 secondary 
sites either having or not having a measurable water-quality 
effect associated with CAFO waste manures (appendix A5). 
Of the 32 sites, 18 had measurable manure influence, 11 had 
no measurable manure influence (including the 4 background 
agricultural sites), and 3 had unclear results (table 13). 
Distinctions among the results are illustrated in figure 10 
for the sites with, without, or unclear CAFO manure influ-
ences. Boundaries delineating the general distribution in the 
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Table 13. Water-quality results for the April 2013 sample period used to examine waste-manure influences at the primary and 
secondary study sites.
[CAFO, concentrated animal feeding operation; mg/L, milligram per liter; δ15N, delta nitrogen-15; ‰, per mil; <, less than; na, not analyzed]


Study site 
(site maps in 
appendix A1)


Potential to be 
influenced by 


CAFOs


Dissolved
oxygen 
(mg/L)


Nitrate + 
nitrite (mg/L)


Sodium + 
potassium 


(mg/L)


δ15N of nitrate 
+ nitrite (‰)


δ18O of nitrate 
+ nitrite (‰)


Are the results interpreted to 
reflect CAFO waste manure 


influences at the site? 
(see appendix A5)


SW-04A Yes, near 
upgradient edge of 
swine spray field


6.3 0.307 7.96 15.80 11.09 Unclear


SW-04B Yes, 1 swine CAFO 7.4 3.31 16.10 19.37 10.34 Yes
SW-04 Yes, 1 swine CAFO 3.4 1.09 16.66 22.16 10.62 Yes
SW-05A Yes, 1 swine CAFO 0.08 0.052 10.01 na na No
SW-05B No, background 


agricultural fields
4.2 1.70 7.28 9.66 8.43 No


SW-05C Yes, 1 swine CAFO 5.4 3.40 19.16 21.68 10.78 Yes


SW-05 Yes, 4 swine CAFOs 2.9 0.795 12.42 17.05 8.87 Yes


SW-08A Yes, 5 active and 1 
inactive swine CAFOs


0.1 <0.040 16.41 na na Unclear


SW-08B Yes, 1 swine CAFO 0.8 0.681 12.67 7.42 7.89 No


SW-08C Yes, 3 swine CAFOs 4.0 1.22 16.40 24.56 10.05 Yes


SW-08D No, background 
agricultural fields


6.3 2.74 9.95 5.44 6.27 No


SW-08 Yes, 12 active and 2 
inactive swine CAFOs


0.02 <0.040 16.70 na na Unclear


SW-13A Yes, 1 swine CAFO 5.9 35.4 65.70 18.92 9.95 Yes


SW-13B Yes, 2 swine CAFOs 7.0 27.5 51.80 19.98 10.42 Yes


SW-13 Yes, 3 swine CAFOs 3.0 0.390 33.10 22.04 9.16 Yes


SP-01A No, background 
agricultural fields


9.3 <0.040 5.19 na na No


SP-01B Yes, 1 swine and 1 
poultry CAFOs


10.6 <0.040 5.93 na na No


SP-01C Yes, 2 swine CAFOs 11.8 0.592 31.10 27.99 9.74 Yes


SP-01 Yes, 6 swine and 1 
poultry CAFOs


10.1 0.103 10.63 8.94 4.96 No


SP-04A No, background 
agricultural fields


2.3 0.877 9.25 12.52 10.79 No


SP-04B Yes, 2 swine and 1 
poultry CAFOs


4.2 1.86 22.74 22.54 10.58 Yes


SP-04 Yes, 4 swine and 1 
poultry CAFOs


2.1 0.110 21.24 17.01 9.58 Yes


SP-05A Yes, 1 swine CAFO 7.1 3.50 12.06 7.93 5.20 No


SP-05B Yes, 1 swine and 1 
poultry CAFOs


9.2 2.62 12.16 8.75 6.91 No


SP-05 Yes, 1 swine and 3 
poultry CAFOs


5.9 4.13 11.84 8.00 6.75 No


SP-09A Yes, 3 swine and 1 
poultry CAFOs


5.9 3.20 43.60 23.02 14.21 Yes


SP-09 Yes, 3 swine and 1 
poultry CAFOs


5.4 1.94 33.70 23.13 14.72 Yes


SP-11A Yes, 2 swine CAFOs 3.7 1.11 32.60 25.57 13.32 Yes


SP-11B Yes, 4 swine CAFOs 1.4 1.73 32.50 28.96 9.67 Yes
SP-11C Yes, 1 swine CAFO 9.5 2.98 12.66 11.91 8.63 Yes
SP-11D Yes, 6 swine CAFOs 4.8 1.01 31.10 24.21 6.69 Yes
SP-11 Yes, 9 swine and 1 


poultry CAFOs
0.3 <0.040 22.80 na na Yes
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Figure 10. Graphs showing data comparisons of (A) sodium plus potassium to nitrate plus nitrite, 
(B) delta nitrogen-15 of nitrate plus nitrite to sodium plus potassium, and (C) delta nitrogen-15 to delta 
oxygen-18 of nitrate plus nitrite for sites with and without CAFO manure influences and sites with unclear 
results based on the April 2013 dataset.







42  Surface-Water Quality in Agricultural Watersheds of the North Carolina Coastal Plain Associated with CAFOs


sodium+potassium and nitrate+nitrite data for the sites without 
manure influences are shown in figure 10A. Boundaries 
delineating the general distributions in the nitrate+nitrite δ15N 
and sodium+potassium data (fig. 10B) and the nitrate+nitrite 
δ15N and δ18O data (fig. 10C) are shown for both the sites 
without and with manure influences. The nitrate+nitrite δ15N 
and δ18O values for the sites without manure effects (fig. 10C) 
agree with the common δ15N and δ18O values of nitrate derived 
from ammonium fertilizer or natural soil organic N displayed 
in figure 9. The nitrate+nitrite δ15N and δ18O values for the 
sites with manure effects (fig. 10C) also agree with the δ15N 
and δ18O values of nitrate commonly derived from animal 
manure sources (fig. 9).


The overall range of nitrate+nitrite concentrations was 
fairly similar for the sites with and without manure influences; 
however, sodium+potassium concentrations were higher for 
the sites with a manure influence than those without an influ-
ence (fig. 10A). Better separation among the sites is noted in 
the nitrate+nitrite δ15N and sodium+potassium data (fig. 10B). 
The sites without manure influences had lower δ15N values 
(about 5 to 12 ‰) and sodium+potassium concentrations 
(about 5 to 12 mg/L) than the manure influenced sites, which 
are characterized by higher δ15N values (about 12 to 30 ‰) 
and sodium+potassium concentrations (about 12 to 65 mg/L). 
Comparison of the nitrate+nitrite δ15N to δ18O data (fig. 10C) 
indicates that although the δ15N values appear to segregate, 
the sites without and with manure influences tend to have 
overlapping δ18O values of about 5 to 11 ‰ and 6 to 15 ‰, 
respectively. For several sites, limited or inconsistent results 
made it difficult to determine whether water quality reflected 
background agricultural conditions or waste-manure effects. 
For example, the unclear results shown for some sites included 
a sodium+potassium concentration within the range of sites 
without manure influences (fig. 10A, B) but the elevated δ15N 
value (fig. 10B, C) could be indicative of either a manure 
signature or denitrification effects on soil nitrate derived from 
inorganic fertilizer or natural organic N.


Identification of Study Watersheds Having 
Measurable CAFO Effects on Water Quality


On the basis of the insights gained from the above 
evaluation of the April 2013 dataset, nitrate+nitrite and 
sodium+potassium concentrations and the nitrate+nitrite isoto-
pic values (δ15N and δ18O) for all 6 sampling periods at the 54 
primary study sites (appendix A6) were evaluated to determine 
which of the 18 SW and 18 SP sites had apparent CAFO 
waste-manure effects on stream water quality. Results for the 
18 BK study sites first were plotted to serve as a baseline, or 
background, dataset (fig. 11) against which the SW and SP site 
data could be compared. The reference boundaries determined 
for sites without and sites with measurable manure influences 
using the April 2013 dataset (fig. 10) also were included in 
figure 11 to aid examination of the results.


Overall, the baseline results for the BK sites fall within 
fairly well-defined clusters (fig. 11). Most of the nitrate+nitrite 
and sodium+potassium concentrations for the BK sites fall 
within the reference boundary for sites without waste-manure 
effects. Note that many of the BK sites had nitrate+nitrite 
concentrations less than the RL of 0.04 mg/L. As previously 
discussed, denitrification is one of the important factors known 
to influence nitrate+nitrite concentrations at the study sites. 
The effects of denitrification are evident in the background 
nitrate+nitrite δ15N results. The BK sites had nitrate+nitrite 
δ15N values, up to about 17 ‰, that extended beyond the upper 
limit of about 12 ‰ for the reference boundary for sites without 
manure influences (fig. 11B). The nitrate+nitrite δ15N and δ18O 
values for the BK sites plot along a best-fit regression line hav-
ing a slope of 0.48 (fig. 11C), which is indicative of denitrifica-
tion that causes coupled increases in the δ15N to δ18O values by a 
2:1 ratio. Increased isotopic values resulting from denitrification 
explains why some of the BK sites, with no waste-manure 
influences, had nitrate+nitrite δ15N and δ18O values within the 
reference boundary reflecting manure influence.


Data for each of the SW and SP sites were plotted and 
compared against the figure 11 boundaries respresenting the 
BK site baseline data, as well as the sites without and with 
measurable manure influences, to categorize those SW and SP 
sites with results that (1) were similar to background conditions, 
or (2) had distinct differences indicating CAFO manure effects. 
It was impractical to include all of the comparison plots in the 
report. Therefore, for illustrative purposes, representative plots 
for selected sites with results similar to background conditions 
are shown in figure 12, and selected sites with results indicating 
manure influences are shown in figure 13.


 Sites SW-14, SW-16, SP-05, and SP-15 had results 
similar to background conditions based on comparisons of their 
sodium+potassium to nitrate+nitrite concentrations (fig. 12A), 
nitrate+nitrite δ15N values to sodium+potassium concentrations 
(fig. 12B), and nitrate+nitrite δ15N to δ18O values (fig. 12C). The 
effects of denitrification can also be seen in the δ15N results for 
site SP-15. 


The effects of CAFO waste manures are indicated in some 
or all of the results for sites SW-04, SW-05, SP-12, and SP-16 
as compared to the reference boundaries (fig. 13). Sites SW-05 
and SP-16 had samples with results overlapping background 
conditions as well as manure influences. These site results likely 
reflect different instream mixtures of groundwater and overland 
runoff from areas with and without CAFOs where at times 
manure influences on water quality were not always evident. 
CAFO manure effects were evident in all of the sample results 
for sites SW-04 and SP-12 (fig. 13). Site SP-12, located imme-
diately downstream from multiple swine CAFO waste-manure 
lagoons and application fields (appendix fig. A1-48), had high 
nitrate+nitrite δ15N and δ18O values. The isotopic signatures of 
nitrate+nitrite derived from waste manures at this site possibly 
reflect the effects of different fractionation processes, such as 
ammonia volatilization and denitrification, that occurred before, 
during, and (or) after the applications of waste manures from the 
storage lagoons to the spray fields.
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Figure 11. Graphs showing data comparisons of (A) sodium plus potassium to nitrate plus nitrite, (B) delta 
nitrogen-15 of nitrate plus nitrite to sodium plus potassium, and (C) delta nitrogen-15 to delta oxygen-18 of nitrate 
plus nitrite for the background sites.
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Figure 12. Graphs showing data comparisons of (A) sodium plus potassium to nitrate plus nitrite, (B) delta 
nitrogen-15 of nitrate plus nitrite to sodium plus potassium, and (C) delta nitrogen-15 to delta oxygen-18 of nitrate 
plus nitrite at four representative sites (SW-14, SW-16, SP-05, and SP-15) with results similar to background 
conditions.
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Figure 13. Graphs showing data comparisons of (A) sodium plus potassium to nitrate plus nitrite, (B) delta 
nitrogen-15 of nitrate plus nitrite to sodium plus potassium, and (C) delta nitrogen-15 to delta oxygen-18 of nitrate 
plus nitrite at four representative sites (SW-04, SW-05, SP-12, and SP-16) with results indicating manure effects.
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On the basis of the comparisons of sodium+potassium 
concentrations, nitrate+nitrite concentrations, and the δ15N 
and δ18O of nitrate+nitrite values, 10 of the 36 CAFO sites 
(28 percent) had results similar to background conditions, 
and 21 of the sites (58 percent) had results with measurable 
CAFO manure effects (table 14). Note that the identification 
of those SW or SP watersheds as being similar to background 
conditions does not necessarily imply that CAFOs in those 
watersheds have no local influence on water quality, only that 
no distinction was noted at the watershed sampling location 
for the constituents that were examined. Three of the SW sites 
(SW-03, SW-08, and SW-15) and two of the SP sites (SP-03 
and SP-08) had limited or indeterminate results for determin-
ing whether they were similar to background or manure 
influenced; these sites with unclear results were excluded from 
further evaluation.


The manure-influenced group of sites tended to have dis-
tinctly higher sodium+potassium concentrations (commonly 
between 11 and 33 mg/L) and δ15N values of nitrate+nitrite 
(commonly between 11 and 26 ‰) relative to both the 
background and similar to background groups of sites, which 
commonly had sodium+potassium concentrations between 
6 and 14 mg/L and δ15N values of nitrate+nitrite between 6 
and 15 ‰ (table 14; appendix A6). Based on the six sampling 
periods from June 2012 to April 2013, sodium+potassium 
concentrations and δ15N values of nitrate+nitrite appear to be 
useful water-quality indicators for differentiating streams with 
measurable CAFO manure effects. It would be beneficial to 
base future similar analyses on a larger number of samples 
that more fully reflect hydrologic and seasonal variability in 
water-quality conditions among sites of interest.


Table 14. Statistical summary of selected water-quality constituents for the background sites, CAFO sites with results similar to 
background conditions, and CAFO sites with results reflecting manure influences.
[diss., dissolved; mg/L, milligrams per liter; N, nitrogen; O, oxygen; +, plus; <, less than; δ, delta; ‰, per mil]


Chemical 
constituent 


(unit)


Background sites1 Similar to background sites2 Manure-influenced sites3


Number 
of 


samples


10th 
percentile


Median
90th 


percentile


Number 
of 


samples


10th 
percentile


Median
90th 


percentile


Number 
of 


samples


10th 
percentile


Median
90th 


percentile


Sodium +  
potassium, 
diss. (mg/L)


106 6.35 9.23 12.9 54 6.48 9.57 14.5 124 10.8 16.66 32.7


Nitrate + nitrite, 
diss. (mg/L 
as N)


106 <0.040 0.048 0.505 60 <0.040 0.074 3.41 124 <0.040 0.692 4.27


δ15N of nitrate + 
nitrite (‰)


40 6.08 9.39 15.10 27 7.33 6.74 12.42 95 10.80 16.28 25.70


δ18O of nitrate + 
nitrite (‰)


40 6.26 9.43 13.29 27 4.96 2.54 11.42 95 6.50 9.16 14.62


1The background, or baseline, dataset includes the results of all 18 BK sites (BK-01 through BK-18).
2The sites with results deemed to be similar to background conditions include 6 SW sites (SW-02, 06, 07, 10, 14, and 16) and 4 SP sites (SP-01, 05, 15, 


and 17).
3The sites with results deemed to reflect manure influences include 9 SW sites (SW-01, 04, 05, 09, 11, 12, 13, 17, and 18) and 12 SP sites (SP-02, 04, 06, 


07, 09, 10, 11, 12, 13, 14, 16, and 18).
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Watershed Attributes Associated With 
CAFO Water-Quality Effects


Watershed environmental attributes were compared 
among the study sites with and without CAFO manure 
influences (see previous section). The five sites (SW-03, 08 
and 15, and SP-03 and 08) with indeterminate results were not 
included in this analysis. The remaining 49 sites were grouped 
into three response categories: 18 background sites; 10 similar 
to background CAFO sites, and 21 manure-influenced CAFO 
sites. A classification tree model was developed to examine 
relations between selected watershed environmental variables 
and the three response categories (appendix A7). 


The main intent in this analysis was to identify key 
differences in watershed characteristics associated with sites 
either having or not having measurable CAFO manure effects. 
Watershed characteristics analyzed as predictor (independent) 


variables in the model included drainage area size, land 
cover (percentages of forested land, cropland, grassland, and 
wetlands), soil drainage (percentages of HSGs total A, total 
B, total C, and D), swine CAFO attributes, and poultry CAFO 
attributes (appendix A7). The swine CAFO attributes included 
the total number of permitted active swine CAFOs, total 
swine barns and barn density, total swine and swine density, 
total swine weight and weight density, total acres available 
for applying swine-waste manure and acre density, and total 
generated PAN for each watershed site. The poultry CAFO 
attributes available for examination with the classification tree 
analysis were limited to the total number of identified poultry 
CAFOs, total poultry barns, and poultry barn density for each 
site. Results of the classification tree analysis, including the 
splits in the tree model, the selected environmental variable 
and value defining each split, and the response category with 
the number of sites classified in each category, are illustrated 
in figure 14 and summarized in table 15.


Table 15. Classification tree model results for the 49 study sites.
[#, number; <, less than; ≥, greater than or equal to; >, greater than; mi2, square mile; %, percent; na; not applicable]


Split Predictor variable and split value Response category (# of sites) Number of misclassified sites
Identity of misclassified 
sites (actual category)


1 Total active swine CAFOs < 1 Background group (18) 0 of 18 na
1 Total active swine CAFOs ≥ 1


Manure-influenced group 1 (15) 0 of 15 na2 Swine barn density  
> 2.9 barns/mi2


1 Total active swine CAFOs ≥ 1


Similar to background group 1 (7) 0 of 7 na2 Swine barn density  
< 2.9 barns/mi2


3 Wetlands > 14.4 %
1 Total active swine CAFOs ≥ 1


Manure-influenced group 2 (5) 0 of 5 na


2 Swine barn density  
< 2.9 barns/mi2


3 Wetlands < 14.4 %
4 Total acres available for applying 


swine-waste manure > 52.4
1 Total active swine CAFOs ≥ 1


Similar to background group 2 (4) 1 of 4 SP-10 (Manure
influenced)


2 Swine barn density 
< 2.9 barns/mi2


3 Wetlands < 14.4 %
4 Total acres available for applying 


swine-waste manure < 52.4
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The tree model selected the presence/absence of active 
swine CAFOs, swine barn density, percentage of wetlands, 
and acres available for applying swine-waste manure as the 
best discriminators, or predictor variables, for classifying the 
study sites among the background, similar to background, 
and manure-influenced response categories or groups 
(fig. 14; table 15). The model was highly successful in 
accurately classifying the sites into the appropriate response 
categories. Only 1 of the 49 sites was misclassified (table 15). 
The first, or primary, split in the tree model was based on the 
presence/absence of active swine CAFOs in the watersheds 
(fig. 14). All 18 of the BK sites were placed in the background 
group because none of the BK sites contain any active swine 
CAFOs.


Interestingly, the 15 SW sites and 16 SP sites, which all 
had at least 1 active swine CAFO, were further differentiated 
into two groups for the manure-influenced category (referred 
to as manure-influenced groups 1 and 2) and two groups for 
the similar to background category (referred to as similar to 
background groups 1 and 2) on the basis of subsequent splits 
in swine barn density, percentage of wetlands, and total acres 
available for applying swine-waste manure (fig. 14; table 15). 
The splits among these four groups indicate how variations in 
these particular swine CAFO and land-cover variables may 
inhibit or promote the ability of the watersheds to mitigate 
manure effects on water quality in streams receiving inputs 
from swine CAFO application fields. 


When swine barn density in the watersheds was greater 
than 2.9 barns/mi2, 15 sites (7 SW and 8 SP sites) with measur-
able CAFO manure effects on water quality were correctly 
placed in manure-influenced group 1 (fig. 14). The SW and SP 
sites in manure-influenced group 2 and similar to background 
groups 1 and 2 all had swine barn densities that were less 
than 2.9 barns/mi2 (fig. 14; table 15). Seven sites (4 SW and 
3 SP sites) without measurable CAFO manure effects on water 
quality were correctly placed in similar to background group 
1 when the amount of wetlands in the watershed was greater 
than 14.4 percent. In comparing manure-influenced group 
1 to similar to background group 1 (fig. 14), the SW and SP 
sites with measurable CAFO manure effects had higher swine 
barn densities (median of 4.8 barns/mi2), more acres available 
for applying swine manure (median of 243.7 acres), and less 
wetlands (median of 12.1 percent) relative to the SW and SP 
sites without measurable CAFO manure effects. Similar to 
background group 1 had lower swine barn densities (median 
of 1.2 barns/mi2), fewer acres available for applying swine 
manure (median of 66.9 acres), and more wetlands (median of 
20.8 percent).


When both swine barn density was less than 2.9 barns/
mi2 and wetlands was less than 14.4 percent, the SW and SP 
sites with or without measurable CAFO manure effects were 
separated on the basis of the total acres available for applying 
swine-waste manure in the watersheds (fig. 14; table 15). 
Five sites (2 SW and 3 SP sites) were correctly placed in 
manure-influenced group 2 when total acres available were 
greater than 52.4; four sites (2 SW and 2 SP sites) were placed 


in similar to background group 2 when total acres available 
were less than 52.4 (fig. 14). Similar to background group 2 
contained misclassified site SP-10, which actually belongs to 
the manure-influenced category (table 15). Site SP-10 had a 
swine barn density of 2.7 barns/mi2, just below the split value 
of 2.9 barns/mi2, wetlands of 8.7 percent, and total available 
acres of 39.2, which resulted in its placement in similar to 
background group 2. The sites in manure-influenced group 2 
and similar to background group 2 had comparable median 
values of swine barn density (2.2 and 2.5 barns/mi2, respec-
tively) and wetlands (11.7 and 8.4 percent, respectively). 
The primary distinction between these groups is that the 
total available acres for applying swine manure for the sites 
in manure-influenced group 2 (median of 164.1 acres) were 
about 5 times higher than the total available acres for the sites 
in similar to background group 2 (median of 34.0 acres).


The classification tree analysis, as well as the other data 
evaluations in this report, indicate that land-applications of 
waste manure at swine CAFOs had an effect on water-quality 
conditions in streams at many, but not all, of the SW and SP 
study sites. Measurable effects of CAFO waste manures on 
stream water quality were most evident in those SW and SP 
watershed study sites having lower percentages of wetlands 
combined with higher swine barn densities and (or) higher 
total acres available for applying waste manure at the swine 
CAFOs. Conversely, the SW and SP watersheds with stream 
water quality similar to background agricultural conditions 
were associated with lower swine barn densities combined 
with higher percentages of wetlands or lower total acres 
available for applying waste manure at the swine CAFOs.


None of the poultry CAFO attributes examined with the 
tree model were selected as predictor variables for identifying 
differences between the sites with and without CAFO manure 
effects. This should not be misconstrued to indicate that 
poultry CAFO manures do not have an influence on stream 
water quality but rather may be a function of the limited 
poultry CAFO attribute data that were available for examina-
tion, as well as the nature of the watershed sites selected for 
this study, which had a primary emphasis on swine CAFOs. 
Thirteen of the 16 SP study sites included in the classification 
tree analysis (appendix A7) had substantially more swine 
barns (ranging from 4 to 59) than poultry barns (ranging from 
1 to 8) in the watersheds. These watersheds likely received 
larger proportions of land-applied swine manure relative to 
poultry litter. Additional water-quality data, as well as more 
detailed information on poultry CAFO attributes (such as the 
types and numbers of poultry raised), from watersheds only 
containing poultry CAFOs would allow further comparisons 
to swine-only watersheds to better understand whether swine 
manure and poultry litter have similar or different effects on 
water quality.


The classification tree model provides a useful approach 
for exploring potential CAFO manure effects in similar, small 
(1 to 18 mi2) Coastal Plain watersheds where water-quality 
data are lacking. Potential sites could be screened on the basis 
of the influential watershed attributes (swine barn density, 
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acres available for applying swine manure, and percentage 
of wetlands) identified by the model. Results could help 
water-resource managers and researchers identify streams 
with high potential for manure influences on water quality 
in order to prioritize them for further investigation and (or) 
targeted best management practices. The classification tree 
model can be refined as additional CAFO attribute information 
and water-quality data become available, both for existing 


study sites as well as new locations. The inclusion of data 
on specific manure-disposal practices at both swine and 
poultry CAFOs (including specific application fields and the 
frequency, timing, and amounts of applied manures) would 
enhance understanding of the effects of swine and poultry 
waste manures on stream water quality in different agricultural 
settings of the North Carolina Coastal Plain.


Study sites
Total = 49


< 1
swCAFO


≥ 1


Background group 
N = 18 sites


Median values
wetland = 15.6


Wetland


Similar to background
group 1


N = 7 sites


Similar to background
group 2


N = 4 sites


Manure-influenced
group 2


N = 5 sites


Manure-influenced group 1 
N = 15 sites


Total active swine CAFOs in watershed
Swine barn density in watershed, in barns
per square mile
Percentage of wetlands in watershed
Total acres available for applying
    swine-waste manure


EXPLANATION


< 2.9 > 2.9
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swBrnDen
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swAcre = 243.7


Figure 14. Classification tree model identifying the environmental predictor variables that best classified the 49 examined sites among 
the background, similar to background, and manure-influenced response categories.
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Summary and Conclusions
Water quality was evaluated at 54 agricultural stream 


sites in the North Carolina Coastal Plain for the period 
June 2012 through April 2013. Water-quality data and detailed 
watershed attributes were collected, compiled, and statistically 
analyzed to determine differences among streams draining 
watersheds with and without land-applied CAFO waste 
manures. Three general watershed land-use types, or groups, 
were examined during the study, including 18 background 
watersheds with no active CAFOs (BK sites), 18 watersheds 
with one or more active swine CAFOs but no poultry CAFOs 
(SW sites), and 18 watersheds with at least one active swine 
CAFO and one active dry-litter poultry CAFO (SP sites). The 
watersheds had drainage areas ranging from 1.2 to 17.5 mi2 
and land cover was composed predominantly of cropland, 
forests, and wetlands. Most watersheds had low gradient, 
swampy floodplain streams that were typically characterized 
by slow velocities, high organic matter, and relatively low 
dissolved oxygen. None of the watersheds contained permitted 
point-source discharge facilities, cattle CAFOs, or wet-poultry 
CAFOs. Conventional fertilizers used for crop production 
were the primary source of nutrients at the BK sites. Animal-
waste manures applied to agricultural fields associated with 
the swine or poultry CAFOs represented additional sources of 
nutrients at the SW and SP study sites.


Water-quality data included field measurements of 
water temperature, specific conductance, pH, and dissolved 
oxygen, and laboratory analyses of major ions, nutrients, and 
stable isotopes. Samples were collected at the 54 primary 
sites during 6 bimonthly sampling periods from June 2012 to 
April 2013. An additional 23 secondary sites within 9 of the 
primary watershed sites were sampled once during April 2013 
to provide additional data at stream sites directly adjacent or in 
close proximity to swine CAFOs and (or) background agricul-
tural areas. Regional precipitation and streamflow data, along 
with δ2H and δ18O isotopic results for precipitation and stream 
samples, were used to assess general hydrologic conditions 
during the sampling periods.


ANOVA and multiple-comparison statistical tests were 
performed to characterize differences in stream water quality 
among the six sampling periods and the three (BK, SW, and 
SP) watershed land-use types. Most of the water-quality 
properties and constituents varied significantly among 
sampling periods, changing both seasonally and in response 
to hydrologic conditions. Nutrient differences among the 
sampling periods indicate that the relations between seasonal 
climatic differences, streamflow conditions, and instream 
biotic and abiotic processes are complex, and their integrated 
effects can have varying degrees of influence on individual 
nutrients in different watersheds. These findings are important 
to consider when developing approaches to assess stream 
nutrient conditions in similar Coastal Plain settings and can 
inform the development of sampling strategies that capture 
seasonal and (or) hydrologic variability. For example, the 
highest median concentrations of dissolved oxygen and 


nitrate+nitrite were observed during February 2013, when 
higher streamflows appeared to reflect more overland contribu-
tions of nitrate from upstream field-drainage ditches. Nitrate 
in the field ditches is carried to the main stem of the streams 
during higher flows and is subject to less instream processing, 
including denitrification and assimilation, when stream water 
temperatures are colder and dissolved oxygen concentrations are 
elevated. Nitrate+nitrite tended to be lowest during warm and 
dry sampling periods, when conditions were favorable for deni-
trification. In contrast, median concentrations of ammonia, total 
organic N, ortho-P, and total P were lowest during February. 
Environmental factors that likely influenced the various forms 
and instream concentrations of the N and P constituents include 
assimilation and release by algae and aquatic plants, redox 
conditions, microbially mediated reactions, adsorption and 
desorption processes, and biogeochemical exchange between 
streambed sediment and the overlying water column.


Water quality also varied significantly among the three 
watershed land-use types. Median values of specific conduc-
tance, several major ions (magnesium, sodium, potassium, 
and chloride), and nitrogen fractions (ammonia+organic N, 
ammonia, nitrate+nitrite, total N, and δ15N of nitrate+nitrite) 
were higher for the SW and SP land-use groups as compared 
to the BK group, which have no active CAFOs. The higher 
concentrations of these constituents reflect the influence of 
swine-waste manure storage or applications at the SW sites and 
swine- and (or) poultry-waste manure storage or applications 
at the SP sites. No significant differences in water temperature, 
dissolved oxygen, calcium, total organic N, ortho-P, total P, or 
δ18O of nitrate+nitrite were noted among the land-use groups. 
The disparity observed between N and P response among the 
site groups may reflect differences in transport pathways or 
instream processing that influenced instream concentrations of 
these two classes of nutrients. When comparing the land-use 
groups, there was an overall measurable effect of animal-waste 
manures on stream water quality for the SW and SP watersheds 
relative to the BK watersheds; however, this does not mean that 
CAFO waste manures had an observable effect on water-quality 
conditions at every SW and SP site. Additional evaluations were 
performed on the water-quality data to distinguish those SW and 
SP sites where effects of CAFO waste manures were evident. 


At the majority of individual SW and SP watersheds, 
measurable CAFO effects on water quality were clearly 
distinguished. At other sites, effects were less evident. Elevated 
concentrations of nitrate+nitrite did not necessarily indicate a 
CAFO effect; conversely, low nitrate+nitrite concentrations 
did not necessarily indicate the absence of a CAFO effect. 
An integrated evaluation of nitrate+nitrite concentrations, 
sodium+potassium concentrations, and stable isotopes (δ15N and 
δ18O) of nitrate+nitrite was used to differentiate which SW and 
SP sites did or did not have a CAFO waste-manure signature. 


Streams with CAFO manure effects typically had higher 
sodium+potassium concentrations (commonly between 11 and 
33 mg/L) and δ15N values of nitrate+nitrite (commonly between 
11 and 26 ‰) relative to streams reflecting background agri-
cultural conditions, which commonly had sodium+potassium 
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concentrations between 6 and 14 mg/L and δ15N values of 
nitrate+nitrite between 6 and 15 ‰. Denitrification affected 
the δ15N and δ18O signatures of nitrate+nitrite at some sites and 
must be accounted for during interpretations of nutrient sources.


As part of the evaluation, individual SW and SP sites 
were differentiated into two groups, including (1) those with 
results that were similar to background conditions, and (2) those 
with results reflecting CAFO waste-manure effects. Ten of the 
36 SW and SP sites (28 percent) had water quality similar to 
background conditions. Twenty-one of the SW and SP sites 
(58 percent) had distinct water-quality differences, reflecting 
swine- and (or) poultry CAFO manure effects. Five of the SW 
and SP sites (14 percent) had limited or indeterminate results 
for determining whether they were similar to background 
or manure influenced; these sites were omitted from further 
evaluation. On the basis of the results of this study, it is 
apparent that land-applications of waste manure at swine 
CAFOs influenced ion and nutrient chemistry in many of the 
North Carolina Coastal Plain streams that were studied. In 
particular, sodium+potassium concentrations coupled with δ15N 
values of nitrate+nitrite were useful water-quality indicators for 
distinguishing sites with measurable CAFO manure effects.


Relations in watershed environmental attributes among the 
similar to background and manure-influenced site groups were 
examined through classification tree analysis. The classifica-
tion tree model identified swine barn density, percentage of 
wetlands, and total acres available for applying swine-waste 
manures as the best discriminators, or predictor variables, for 
classifying sites among the similar to background and manure-
influenced groups. Variations in these particular attributes 
appeared to influence those watersheds where CAFO effects 
on water quality were either evident or mitigated. Measurable 
effects of CAFO waste manures on stream water quality were 
most evident in those SW and SP watersheds having lower 
percentages of wetlands combined with higher swine barn 
densities and (or) higher total acres available for applying waste 
manure at the swine CAFOs. Stream water quality was similar 
to background agricultural conditions in SW and SP watersheds 
with lower swine barn densities coupled with higher percent-
ages of wetlands or lower acres available for swine manure 
applications.


The classification tree model provides a useful approach 
for examining potential CAFO manure effects on stream water 
quality among similar Coastal Plain watersheds, including those 
where water-quality data are lacking. The model can serve as 
an exploratory tool to identify watersheds that might warrant 
further examination and (or) targeted best management prac-
tices. The study model can be refined as additional watershed 
attribute information and water-quality data become available. 
Additional water-quality data, poultry CAFO attribute data, and 
information on manure disposal practices at both swine and 
poultry CAFOs would enhance scientific understanding of the 
effects of swine and poultry waste manures on stream water 
quality under different agricultural settings.
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Intensive Livestock Operations, Health, and Quality of Life among Eastern
North Carolina Residents
Steve Wing and Susanne Wolf
Department of Epidemiology, School of Public Health, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA


People who live near industrial swine operations have reported decreased health and quality of
life. To investigate these issues, we survreyed residents of three rral communities, one in the
vicinity of an approximately 6,000-head hog operation, one in the vicinity of two intensive cattle
operations, and a third rural agricultural area without livestock operations that use liquid waste
management systems. Trained interviewers obtained information about health symptoms and
reduced quality of life during the previous 6 months. We completed 155 interviews, with a refusal
rate of 14%. Community dierences in the mean number of episodes were compared with adjust-
ment for age, sex, smok and employment status. The average number of episodes of many
symptoms was similar in the three communities; however, certain respiratory and gastrointestinal
problems and mucous membrane irritation were elevated among residents in the vicinity of the
hog operation. Residents in the vicinity of the hog operation reported increased occurrences of
headaches, runy nose, sore throat, excessive coughing, diarrhea, and burning eyes as compared
to residents of the community with no intensive livestock operations. Quality of life, as indicated
by the number oftimes residents could not open their windows or go outside even in nice weath-
er, was similar in the control and the community in the vicinity ofthe cattle operation but greatly
reduced among residents near the hog operation. Respiratory and mucous membrane effects were
consistent with the results of studies of occupational exposures among swine confinement-house
workers and previous findings for neighbors of intensive swine operations. Long-term physical
and mental health impacts could not be investigated in this study. Key work African Americans,
agricultural health, air pollution, epidemiology, respiratory conditions, rural health. Environ
Heal Perct 108:233-238 (2000). [Online 8 February 2000]
bttp:/llepnetl. niebs.nih.govldocs/2000/1 08p233-238wingabstracta.btml


Industrial hog production has grown rapidly
in North Carolina since the early 1980s.
Once characterized by relatively small inde-
pendently owned farms scattered across the
state, hog production in North Carolina is
now concentrated in the coastal plain region,
under the domain of large corporate grow-
ers, and dominated by large-scale intensive
operations (1,2). Persons who live near large
hog operations have reported reduced quali-
ty of life as well as health problems related to
airborne emissions from animal confinement
houses, open waste lagoons, and spray fields
(3-8). Airborne emissions include hydrogen
sulfide, ammonia, dusts, endotoxins, and
complex mixtures of volatile organic com-
pounds. Health effects from environmental
exposures could occur through inflammato-
ry, immunologic, irritant, neurochemical,
and psychophysiologic mechanisms (5).


In contrast to the many studies of occupa-
tional exposures of swine confinement-house
workers (9-25), only a few field studies have
investigated the health effects of lower level
environmental exposures. In a study of resi-
dents near hog facilities in North Carolina,
Schiffman et al. (26) reported that persons
exposed to odors from intensive hog opera-
tions experienced "more tension, more
depression, more anger, more fatigue, and
more confusion" than a group of unexposed


persons. A study in Iowa (7) compared phys-
ical and mental health symptoms among
people residing within a 2-mile radius of a
4,000-head swine operation and a control
group in an area with no intensive livestock
operation. Those who lived in the vicinity of
the intensive hog operation reported higher
frequencies of 14 of 18 physical health
symptoms, especially respiratory symptoms.
The Iowa study did not find an excess of
mental health symptoms but, in contrast to
the North Carolina study (26), it was not
designed to evaluate symptoms at the time
that odors were present.


The present study addressed a number of
issues raised by previous research. Unlike
studies of volunteers, the sample was drawn
systematically from defined populations. To
increase the levels of participation and pre-
vent exclusions based on literacy or the abili-
ty to participate in a longer study, we did not
ask participants to keep a diary or respond to
questions at the times that airborne emissions
from livestock operations were noticeable.
Instead, we asked questions about the num-
ber of times that participants experienced the
symptoms of interest during the previous 6
months. Because mood disturbance and
mental health effects may be acute responses
to the presence of odors, we focused on phys-
ical health and quality of life rather than on


short-term mood changes. We achieved high
levels of participation in the study by estab-
lishing cooperative relationships with local
community based organizations in planning
and conducting the research.


This study compared health symptoms
in residents of three North Carolina com-
munities, one in the vicinity of an intensive
hog operation, one in the vicinity of two
intensive cattle operations, and a third in a
rural agricultural area where no livestock
operations used liquid waste management
systems. Although the primary motivation
for the study came from an interest in air-
borne emissions from swine operations, the
inclusion of people residing near cattle oper-
ations afforded an opportunity to examine
possible health effects from a different kind
of livestock, and also offered a second com-
parison community that may share other
features common to communities with
intensive livestock production.


Materials and Methods
Selection of communities. The North
Carolina Division of Water Quality
(Raleigh, NC) maintains a database on
intensive livestock operations that use liquid
waste management systems (27). Information
on livestock operations included in the data-
base as of January 1998 was merged with
1990 U.S. Census block group data (U.S.
Census Bureau, Suitland, MD). Data for
block groups, which average approximately
500 households, included information on
population size, race, and poverty levels.
Maps of the eastern part of North Carolina
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were prepared showing the locations of live-
stock operations, towns, roads, and church-
es. Community consultants experienced
with the hog industry and the health con-
cerns of community members met with uni-
versity researchers to review the maps and
choose potential study sites. Our goal was to
choose three areas with similar economic
and demographic characteristics where resi-
dents would be willing to participate in an
interview and where existing community
based organizations would be interested in
working with researchers. We sought live-
stock areas with 80-100 households within a
2-mile radius of the livestock facility so that
we would be able to obtain approximately
50 participants in each area.


The hog and cattle study areas were
defined by a < 2-mile radius around the oper-
ations and each study area was contained
within a single census block group. The hog
operation was a feeder-to-finish facility with a
head capacity of approximately 6,000, a
steady-state live weight of approximately
800,000 pounds, and one lagoon. The cattle
community contained two neighboring dairy
operations with a combined head capacity of
approximately 300, live weight of approxi-
mately 200,000 pounds, and two lagoons.
The area with no intensive livestock opera-
tions extended across two block groups. Parts
of two block groups were included to ensure
that eligible households were at least 2 miles
away from any livestock operation using a
liquid waste management system. The medi-
an annual family income of the census block
groups from which the study areas were cho-
sen ranged from approximately $17,000-
23,000 and the populations were between 65
and 90% African American.


All habitable dwellings in the study areas
were enumerated. The location of each
dwelling was noted on an enlarged area map
and was assigned a unique study number.
Information on street or road location and
the type of dwelling was entered into a com-
puterized database.


Questionnaire. A structured question-
naire was developed based on previous
research findings and on discussions with
community members who had experienced
exposures from intensive livestock opera-
tions. In addition to symptoms identified by
previous studies or community residents as
possibly related to airborne emissions from
livestock operations, we included symptoms
that we did not believe would be related to
airborne emissions to evaluate the possibility
that residents of exposed communities might
report excesses of all types of symptoms
because of negative feelings about intensive
livestock operations. The questionnaire was
designed to obtain information about the
frequency of occurrence of each symptom


over the 6 months preceding the interview.
Possible responses were never; rarely (once or
twice over the past 6 months); sometimes
(1-3 times per month); often (1 per week);
and very often (twice a week or more over
the past 6 months). After all of the struc-
tured questions had been asked, respondents
were asked about aspects of the environ-
ment that may have affected their own
health or the health of others in the house-
hold. Interviewers took notes to summarize
the types of responses. At the end of the
interview, participants were asked their age,
occupation, household size, source of drink-
ing water, and whether they or others in the
household smoked tobacco. The interviewers
recorded race, sex, and whether anyone
other than the participant and interviewer
were present during the interview.


Household interviews. Adults 18 years of
age or older with no serious speech or men-
tal impairment who lived in the current resi-
dence for 6 months or longer were eligible to
respond to the questionnaire. The house-
holds of dairy operators who lived beside the
cattle facility were excluded to avoid the


complication of occupational exposures; the
household of the swine facility operator was
not within the 2-mile enumeration area of
the facility. Interviews were conducted on
Fridays and Saturdays in January and
February 1999 by university-based staff.
Interviewers were accompanied by a com-
munity consultant, a local resident recruited
from the membership of the community
based organization. The community con-
sultant introduced the interviewer to the
prospective respondent, explained the pur-
pose and importance of the survey, and
encouraged each person to participate.
Interviewers were trained to administer the
survey instrument systematically and uni-
formly to all respondents. The participant
interview was conducted in a location of the
participant's choosing. The questionnaire
required less than 15 min to complete. The
community consultant was not present for
the interview unless the participant specifi-
cally asked the consultant to remain.


One adult from each household was invit-
ed to participate in the survey. Preference was
given to the first person to answer the door if


Table 1. Characteristics of study households, listed by type of livestock operation.


Livestock operation
Characteristic None Cattle Hogs Total


Inhabited houses 104 116 92 312
Households ineligiblea 5 2 3 10
Nothome 29 44 19 92
Rescheduled or not contacted 5 14 10 29
Completed interviews 50 50 55 155
Refused 15 6 5 26
Refusal rateb 23.1% 10.7% 8.3% 14.4%


'Not living in the house for 6 months; difficulty understanding survey questions. bRefusal rate = completed
interviews/completed interviews + refusals.


Table 2. Characteristics of respondents.


Livestock operation, no. (%)
Characteristic None Cattle Hogs Total
Age
19-44 years 19 (38) 13 (26) 23(42) 55(36)
45-64 years 19(38) 19(38) 20 (36) 58 (37)
65-90 years 12(24) 18 (36) 12 (22) 42(27)


Race/ethnicity
African American 45(90) 49(98) 48 (87) 142 (92)
White 5(10) 1(2) 6(11) 12(8)
Latino 0 (0) 0 (0) 1(2) 1(1)


Sex
Female 31(62) 33(66) 36(65) 100 (65)
Male 19 (38) 17 (34) 19(35) 55(35)


Smoking
Yes 14(28) 13 (26) 7 (13) 34(22)
No 36(72) 37 (74) 48 (87) 121 (78)


Employed outside of the home
Yes 26(52) 15(30) 34(62) 75(48)
No 24 (48) 34(68) 21(38) 79 (51)
Not completed 0 (0) 1(2) 0 (0) 1(1)


Number in household
1 12(24) 8 (16) 3 (5) 23 (15)
2 21 (42) 21 (42) 20 (37) 62 (40)
3-4 12(24) 15(30) 15(27) 42(27)
5-12 5 (10) 6 (12) 17 (31) 28 (18)


Total respondents (n) 50 (100) 50 (100) 55 (100) 155 (100)
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the person was over 18 years old and lived in
the household. Those who declined to partici-
pate because the time was inconvenient were
offered alternative times and the visit was
rescheduled. If no one was at home, the infor-
mation was recorded on the tracking form.
These households were visited a second time.
Households were visited sequentially using
the enumeration map in approximate order of
distance from the intensive livestock opera-
tion until a minimum sample size of 50 was
reached. Informed consent was requested
verbally by the trained interviewer.


Statistial methods. Differences in symp-
toms among the three communities were
evaluated by comparing the average number
of episodes experienced over the last 6 months
for each symptom. The number of episodes
over the 6 months preceding the interview
was scored according to the instructions given
to respondents for responding to the fre-
quency of symptoms. A response of "never"


corresponded to 0 episodes. A response of
"occasionally" corresponded to two episodes.
"Sometimes" corresponded to 12 episodes
(2/month), "often" corresponded to 26
episodes (1/week), and "very often" corre-
sponded to 52 episodes (2/week). Adjusted
mean differences in the numbers of episodes
were calculated using linear regression to con-
trol for sex, age (19-44, 45-64, or 65-90
years), respondent's smoking status (yes or
no), and employment outside the home (yes
or no). These variables were considered
potential confounders because they may be
associated with exposure to airborne emis-
sions and experience or reporting of symp-
toms. Because the five response categories for
the number of episodes were highly skewed,
regression models were also run with the
dependent variable coded as the square root
of the number of episodes and as 0-4.


The ratio of the P-coefficient (adjusted
mean difference in number of episodes) to


Table 3. Number and percent of respondents reporting 12 or more episodes, and mean number of
episodes.


Livestock operation
None Cattle Hogs


Symptom No. (%)a Meanb No. (%)a Meanb No. (%)M Meanb
Total respondents 50 (100.0) - 50(100.0) - 55 (100.0) -


Upper respiratory/sinus
Headache 16 (32.0) 7.8 18 (36.0) 9.4 34 (61.8) 15.5
Stuffy nose/sinuses 14(28.0) 7.2 17(34.0) 8.8 24(44.4) 10.2
Runny nose 8 (16.0) 3.9 10 (20.0) 5.4 16 (29.1) 8.5
Burning nose/sinuses 11(22.0) 4.1 9(18.0) 3.4 14(25.5) 6.7
Sore throat 2 (4.0) 0.9 6 (12.0) 2.5 9 (16.4) 4.7
Plugged/popping ears 10 (20.0) 5.5 11 (22.0) 5.2 11 (20.0) 4.6
Scratchy throat 6 (12.0) 2.2 10 (20.4) 3.8 10 (18.2) 4.4


Lower respiratory
Mucus/phlegm 14 (28.0) 5.9 14 (28.6) 7.2 16 (29.1) 8.5
Excessive coughing 5 (10.0) 1.8 6 (12.0) 3.7 12 (21.8) 6.3
Shortness of breath 12(24.0) 7.0 13(26.0) 6.1 11(20.0) 5.5
Tightness in chest 6 (12.0) 3.0 9 (18.0) 4.9 11(20.0) 3.9
Wheezing 8 (16.0) 4.4 7 (14.0) 3.7 9 (16.4) 3.6
Strange breathing sounds 10 (20.0) 5.2 5 (10.2) 3.0 6 (10.9) 2.3


Gastrointestinal
Heartburn 10 (20.4) 5.2 10 (20.0) 8.1 17 (30.9) 7.1
Nausea/vomiting 7 (14.0) 3.0 7 (14.0) 4.8 15 (27.3) 5.9
No appetite 8 (16.0) 2.8 8 (16.3) 4.1 12 (21.8) 5.5
Diarrhea 2 (4.0) 1.7 4 (8.2) 1.3 10 (18.2) 4.3


Skin/eye irritation
Burning eyes 8 (16.0) 3.8 5 (10.0) 3.4 19 (35.2) 9.4
Tearing eyes 16 (32.0) 9.5 14 (28.0) 8.7 20 (36.4) 9.3
Dry/scaly skin 10 (20.0) 4.4 11(22.0) 7.1 12 (21.8) 7.1
Skin rash or irritation 4(8.0) 1.6 4 (8.0) 2.0 8 (14.6) 4.0
Skin redness 1 (2.0) 1.2 0 (0.0) 0.1 4 (7.3) 1.3


Miscellaneous
Joint/muscle pain 24(48.0) 16.1 26 (52.0) 17.2 28 (50.9) 16.7
Unexplainably tired 19 (38.0) 12.8 19 (38.0) 10.5 23 (41.8) 13.7
Blurred vision 15 (30.0) 8.8 9 (18.0) 5.4 16 (29.6) 9.7
Dizzy/faint 11(22.0) 5.5 10 (20.0) 5.3 12 (21.8) 4.1
Hearing problems 7 (14.0) 7.4 5 (10.0) 2.0 6 (10.9) 2.7
Chestpain 10 (20.0) 3.4 6 (12.0) 1.6 6 (10.9) 2.7
Fever/chills 5 (10.0) 2.3 2 (4.0) 1.2 5 (9.3) 1.9
Fainted 0 (0.0) 0.04 0 (0.0) 0.04 1 (1.9) 1.0


Quality of life
Can't open windows 7 (14.3) 3.2 4(8.2) 1.8 31(57.4) 18.5
Can't go outside 5(10.0) 2.1 3 (6.0) 1.2 30 (55.6) 15.4


&Number and percentage of respondents answering sometimes (1-3 times/month), often (l/week), and very often (> 2
times/week over the past 6 months). bAverage number of episodes per person over 6 months.


its SE yields a t-value. Larger absolute values
of t indicate that the livestock variable is
more important for statistically predicting
numbers of symptom episodes. Significance
tests are not presented because exposures
were not randomized in this observational
study; however, t-values > 1.66 would pro-
duce a significant one-tailed test of the
hypothesis that average numbers of symp-
toms are greater in the livestock than in the
control community at p < 0.05. Values
> 1.98 would produce a significant two-
tailed test at p < 0.05.


Results
Table 1 shows the numbers of households
enumerated and surveyed. Enumerated
households were within 2 miles of an inten-
sive livestock operation in the cattle and hog
communities. In the control area, enumerat-
ed households were > 2 miles from an inten-
sive livestock operation in the control area.
Approximately 100 households were enumer-
ated in each area. Fifty interviews were com-
pleted in the cattle and control communities,
and 55 interviews were completed in the hog
community. The refusal rate was 23.1% in
the control community, 10.7% in the cattle
community, and 8.3% in the hog community.


Characteristics of the respondents are
shown in Table 2. The cattle community
had the largest proportion of respondents
older than 65 years of age. All three com-
munities were predominantly African
American. Approximately two-thirds of the
participants were female. The proportion of
respondents who reported smoking tobacco
was lower in the hog community than in
the other two communities, whereas the
proportion employed outside of the home
was higher. None of the study participants
reported that they worked in the livestock
industry. Household size was largest in the
hog community.


Responses to the symptom questions in
the three communities are shown in Table 3.
The symptoms were categorized in six
groups: upper respiratory and sinus, lower
respiratory, gastrointestinal, skin and eye
irritation, miscellaneous, and quality of life.
For each community we tallied the number
of persons who answered "sometimes,"
"often," or "very often" corresponding to
. 12 episodes during the 6-month period.
Table 3 also shows the percentage of "some-
times" or more often and the average num-
ber of episodes for the 6 months.


Most of the percentages in Table 3 are
< 50; the majority of participants responded
"never" or "occasionally" to most of the
symptom questions. Among the upper respi-
ratory and sinus conditions, the percentage
of respondents reporting 2 12 episodes was
the largest in the hog community except for
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plugged ears and scratchy throats. Percentages
were generally intermediate in the cattle
community. The percentage of respondents
reporting . 12 episodes was generally smaller
for lower respiratory, gastrointestinal, and
skin or eye irritation symptoms. Percentages
were the highest in the hog community for
all four gastrointestinal symptoms. In all
three communities, more than one-third of
the participants reported experiencing joint
or muscle pain and unexplained tiredness
2 12 times. By far the biggest differences
between the communities were seen in the
quality-of-life questions. Over half of the
respondents in the hog community, as com-
pared to less than one-fifth in the other two
communities, reported not being able to
open windows or go outside, even in nice
weather, . 12 times over the last 6 months.


Table 4 presents the results of the linear
regression showing differences between the
average number of episodes in each livestock
community as compared to the community
with no intensive livestock. Table 4 shows
the difference in the mean number of
episodes adjusted for sex, age, smoking, and
work outside the home; the SE of the I3-
coefficient; and the t-value, which is the ratio
of the [-coefficient to its SE (see "Statistical
Methods"). The adjusted mean differences
for the cattle community were generally
small, with lower mean scores (negative 3-
coefficients and t-values) for many symptoms
in the cattle as compared to the control com-
munity. Only episodes of excessive coughing
and heartburn occurred on average > 2 times
more in the cattle than in the control com-
munity (P > 2), and the t-values for these
differences were only approximately 1.0. All
of the symptoms in the miscellaneous catego-
ry appeared less frequently in the cattle than
in the control community. Hearing problems
showed the largest difference in adjusted
mean episodes, although this is based on a
small number of people in the higher cate-
gories (Table 3).


In contrast, there were many mean dif-
ferences of more than two episodes for the
hog as compared to the control community.
The average number of episodes was the
most consistently elevated for upper respira-
tory and sinus conditions, gastrointestinal
conditions, and skin or eye irritation. t-
Values for headache, runny nose, sore throat,
excessive coughing, diarrhea, and burning
eyes showed that residence in the hog com-
munity was an important predictor of these
physical health symptoms. In contrast, none
of the miscellaneous symptoms showed
important excesses in the hog community.


Responses to the quality-of-life questions
were very different in the control and cattle
communities as compared to the hog com-
munity. The adjusted number of episodes


during which participants could not open
windows or go outside even in nice weather
differed little for the cattle and control com-
munities, whereas excesses of approximately
13-15 episodes were seen in the hog as com-
pared to the control communities. t-Values
for these [B-coefficients were large.


To evaluate the sensitivity of the regres-
sion results to the coding of the dependent
variable, the models shown in Table 4 were
rerun using values of the square root of the
number of episodes and as 0, 1, 2, 3, and 4.
t-Values for differences between the hog
community and the control community
were larger in these models. The t-value for
nausea/vomiting was 1.61 with the original
metric, 2.68 using the square root of the
number of episodes, and 2.88 with a coding
of 0-4. To consider whether elevated gas-
trointestinal symptoms in the hog commu-
nity might be related to well contamination,
the models shown in Table 4 were rerun for
the four gastrointestinal symptoms including


a variable for well versus municipal water


supply. The coefficients for well water were
small and had little influence on the esti-
mates of differences between livestock and
control communities.


Responses to open-ended questions about
how the environment around the home
affected the life or health of the respondent or
members of her household are shown in
Tables 5 and 6. Responses that were given by
two or more persons in the study are shown.
Most participants from the control and cattle
communities had little to report in response
to these open-ended questions, although eight
participants in the cattle community men-
tioned livestock odor. In contrast, livestock
odor was noted as a problem for many resi-
dents of the hog community and for mem-
bers of the residents' households.


Discussion
To our knowledge this is the first population-
based study of physical health symptoms and


Table 4. Linear regression results: average number of episodes in two livestock communities as compared
to a community with no intensive livestock.


Livestock operation
Cattle Hogs


Symptom p3a SEb t-Value pa SEb t-Value
Upper respiratory/sinus
Headache 1.57 3.02 0.52 7.62 2.94 2.60
Stuffy nose/sinuses 1.33 2.86 0.47 2.97 2.79 1.06
Runny nose 1.26 2.44 0.52 5.18 2.37 2.18
Burning nose/sinuses -0.42 2.19 -0.19 1.99 2.13 0.93
Sore throat 1.71 1.52 1.12 3.64 1.48 2.45
Plugged/popping ears -1.07 2.28 -0.47 -0.79 2.22 -0.35
Scratchy throat 1.63 1.49 1.09 2.09 1.45 1.44


Lower respiratory
Mucus/phlegm 0.56 2.65 0.21 3.91 2.57 1.52
Excessive coughing 2.15 2.06 1.04 4.74 2.01 2.36
Shortness of breath -1.62 2.66 -0.61 -0.74 2.59 -0.29
Tightness in chest 1.45 2.08 0.70 1.37 2.02 0.68
Wheezing -0.63 2.05 -0.31 -0.50 1.99 -0.25
Strange breathing sounds -2.31 2.16 -1.07 -2.57 2.09 -1.23


Gastrointestinal
Heartburn 2.35 2.86 0.82 1.94 2.78 0.70
Nausea/vomiting 1.15 2.20 0.52 3.46 2.15 1.61
No appetite 0.92 2.02 0.46 3.03 1.96 1.55
Diarrhea -0.92 1.44 -0.64 2.96 1.39 2.13


Skin/eye irritation
Burning eyes -1.39 2.47 -0.56 5.58 2.42 2.31
Tearing eyes -1.70 3.24 -0.52 0.64 3.16 0.20
Dry/scaly skin 1.85 2.81 0.66 2.67 2.74 0.98
Skin rash or irritation 0.54 1.72 0.31 2.28 1.67 1.36
Skin redness -1.25 1.01 -1.23 0.12 0.99 0.12


Miscellaneous
Joint/muscle pain -0.22 4.03 -0.06 1.22 3.93 0.31
Unexplainably tired -3.43 3.78 -0.91 0.76 3.68 0.21
Blurred vision -4.67 3.14 -1.49 1.25 3.07 0.41
Dizzy/faint -1.22 2.17 -0.56 -1.32 2.11 -0.63
Hearing problems -6.44 2.50 -2.57 -3.58 2.44 -1.47
Chest pain -2.30 1.32 -1.74 -0.35 1.29 -0.27
Fever/chills -1.32 1.04 -1.27 -0.39 1.02 -0.38
Fainted -0.18 0.86 -0.20 1.02 0.84 1.21


Quality of life
Can't open windows -1.33 2.88 -0.46 14.74 2.80 5.26
Can't go outside -0.79 2.38 -0.33 12.73 2.32 5.47
&Difference in the average number of episodes between communities with and without livestock operations, adjusted for
sex, age, smoking, and work outside of the home. bOf the ,B-coefficient
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quality of life among community residents in
North Carolina that focused on the possible
health effects of airborne emissions from
intensive livestock operations. The study
sample was drawn from areas of the state
with a majority ofAfrican American residents
who have low median income. This was not
unexpected because intensive hog operations
in North Carolina are located dispropor-
tionately in poor and nonwhite areas (27).
Despite the legacy of distrust of biomedical
research in the African American community
(28), refusal rates were low because of the
participation of community based organiza-
tions in introducing researchers to partici-
pants. The preponderance of women in the
study reflects, in part, who was at home and
who answered the door when approached by
the community consultant and interviewer.


A number of symptoms previously
reported as elevated among persons occupa-
tionally exposed in swine confinement houses
were elevated among the residents of the hog
community as compared to the community
with no livestock operations. In particular,
headache, runny nose, sore throat, excessive
coughing, diarrhea, and burning eyes were
reported more frequently in the hog commu-
nity. Members of the cattle community did
not report similar elevations, nor did they
report reduced quality of life. The quality of
life measures (not opening of windows and
not going outside even in nice weather)
showed a large excess in the hog community.


As in all studies, measurement problems
and differences between the communities
other than the exposure of interest could
have influenced the results. Recall bias is an
issue in any survey. We were particularly
concerned that residents living in proximity
to a hog operation might report a greater
number of symptoms because of negative


Table 5. Problems that affect respondents' own
life or health.a


Livestock operation
Problem None Cattle Hogs


Livestock odor 0 8 25
Livestock odor (limits 0 0 14
adult recreation(


Livestock odor (respiratory 0 0 6
symptoms)


Livestock odor (can't 0 0 4
open windows)


Livestock effluent 0 0 4
(contaminated well)


Livestock odor (try not to 0 0 3
breathe)


Livestock odor (nausea) 0 0 3
Livestock operation 0 0 3
(flies and insects)


Crop sprayers (dust 1 0 2
or noise)


&Respondents were asked, "Has the environment around


feelings about the effect
their lives and their com
we were careful to preseni


health survey, not as a 1


study, and we did not in
in the survey that referre
or odors. During debrie
work, interviewers reporte
dents did not understa
about the environment r


including odor. Such r


would have led to an ui


impact of livestock opera


quality of life.
It is possible that re


community could have rt
toms because of their feel
tive impact of the hog
community. However, if
we would have expectec


most symptoms. In fact,
in the miscellaneous cateM
were expected to be rela
airborne emissions, occui


same frequency in the ho
munities (Table 4). This
was not a tendency for ov


residents of the hog cot


feelings might also have
open-ended questions, wI


the opportunity to repoi


the environmental health
issues addressed in the s


naire. As shown in Tabl
the hog community e:
about property values.


Other circumstances
have led to an underestim
swine operations on heal
Perhaps most important,
with only one intensive
would have expected to


Table 6. Problems that affec
or health.a


Problem


Livestock odor
Livestock odor (limits
child recreation)


Livestock odor (limits
adult recreation)


Livestock odor (try not to
breathe)


Livestock odor
(respiratory symptoms)


Respiratory ailments
Complaints of skin
symptoms


Livestock effluent
(contaminated well)


Livestock odor
(decreases property value)


"Respondents were asked, "Has
your house affected the life or
of your household?"


of the operation on areas of the state with larger and more numer-


imunity. Therefore, ous operations and consequently heavier air-
t the study as a rural borne emissions. Differences between the
Livestock and health livestock and control communities may also
clude any questions have been reduced because of exposures to
d to hogs, livestock, agricultural chemicals and dusts from row


fings after the field cropping in the control community.
od that some respon- Levels of emissions and weather condi-
ind that questions tions at the time interviewers were in the
-eferred to problems field may also have influenced the findings.
misunderstandings With one exception, interviewers did not
nderestimate of the notice an odor from the hog operation while
itions on health and conducting the interviews. If interviews had


been conducted when odors were strong,
'sidents of the hog respondents may have reported a greater
eported more symp- frequency of health symptoms.
ings about the nega- The lack of environmental exposure


operation on their monitoring data is also a concern in this
f this had occurred, study. We assumed that if persons resided
excess reports for within 2 miles of the hog operations, they


the eight symptoms were exposed to the emissions. We were not
gory, none of which able to distinguish higher or lower exposure
ated to exposure to levels within the community. Exposure dif-
rred with about the ferences could occur because of differences in
)g and control com- distance, direction, elevation, physical barri-
suggests that there ers, the amount of time spent at home, the


ver-reporting among amount of time spent outdoors, and the avail-
mmunity. Negative ability of air conditioning and filters in the
been evident in the home. Quantitative evaluation of exposure
hen respondents had differences between individuals would increase
rt concerns beyond the ability of an epidemiologic study to iden-
i and quality-of-life tify health effects of airborne emissions.
;tructured question- Similarly, clinical or biologic measures of
e 6, two persons in outcome would strengthen information
xpressed concerns about relationships between environmental


exposures to emissions from livestock opera-


of the survey may tions and health. Future studies could be
iate of the impact of designed to obtain information on respirato-
th of area residents. ry and immune function and standardized
we studied an area clinical evaluation of physical and mental
hog operation. We health conditions. Such studies could evalu-
see larger effects in ate possible mechanisms linking environ-


mental exposures and health.
:t family members' life This study was not able to evaluate spe-


cific populations that may be more susceptible
Livestock operation to health impacts of environmental expo-


Jone Cattle Hogs sures. These groups include children, asth-
0 0 18 matics, and older persons with compromised


pulmonary or cardiovascular function.
0 0 10 Future studies should evaluate whether these


0 1 4 subgroups


emissions from intensive livestock operations.
We were also unable to evaluate the acute


0 0 4 impact of odors on mental health or the
0 0 4 long-term impacts of reduced quality of life
3 0 3 on mental, physical, or community health.


This study supports previous research
0 2 suggesting that community members experi-


0 0 2 ence health problems due to airborne emis-


sions from intensive swine operations (7). In
0 0 2 North Carolina there are approximately


2,500 intensive hog operations, and they are;athe environment aro
heathf ohermemnr located disproportionately in areas that are


poor and nonwhite (27). The public health
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and environmental injustice implications of
this geographical pattern extend beyond the
physiologic impact of airborne emissions to
issues of well-water contamination (29) and
the negative impact of noxious odors (8) on
community economic development (30,31).
Populations in these areas may be at greater
risk of health impacts due to high disease
rates (32,33), low income (27), and poor
housing conditions. Future research could
provide a better understanding of the health
effects of intensive livestock operations by
combining individual exposure assessment,
physiologic measures, clinical evaluation of
physical and mental health, and follow-up of
exposed communities.
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Intensive Livestock Operations, Health, and Quality of Life among Eastern
North Carolina Residents
Steve Wing and Susanne Wolf
Department of Epidemiology, School of Public Health, University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA


People who live near industrial swine operations have reported decreased health and quality of
life. To investigate these issues, we survreyed residents of three rral communities, one in the
vicinity of an approximately 6,000-head hog operation, one in the vicinity of two intensive cattle
operations, and a third rural agricultural area without livestock operations that use liquid waste
management systems. Trained interviewers obtained information about health symptoms and
reduced quality of life during the previous 6 months. We completed 155 interviews, with a refusal
rate of 14%. Community dierences in the mean number of episodes were compared with adjust-
ment for age, sex, smok and employment status. The average number of episodes of many
symptoms was similar in the three communities; however, certain respiratory and gastrointestinal
problems and mucous membrane irritation were elevated among residents in the vicinity of the
hog operation. Residents in the vicinity of the hog operation reported increased occurrences of
headaches, runy nose, sore throat, excessive coughing, diarrhea, and burning eyes as compared
to residents of the community with no intensive livestock operations. Quality of life, as indicated
by the number oftimes residents could not open their windows or go outside even in nice weath-
er, was similar in the control and the community in the vicinity ofthe cattle operation but greatly
reduced among residents near the hog operation. Respiratory and mucous membrane effects were
consistent with the results of studies of occupational exposures among swine confinement-house
workers and previous findings for neighbors of intensive swine operations. Long-term physical
and mental health impacts could not be investigated in this study. Key work African Americans,
agricultural health, air pollution, epidemiology, respiratory conditions, rural health. Environ
Heal Perct 108:233-238 (2000). [Online 8 February 2000]
bttp:/llepnetl. niebs.nih.govldocs/2000/1 08p233-238wingabstracta.btml


Industrial hog production has grown rapidly
in North Carolina since the early 1980s.
Once characterized by relatively small inde-
pendently owned farms scattered across the
state, hog production in North Carolina is
now concentrated in the coastal plain region,
under the domain of large corporate grow-
ers, and dominated by large-scale intensive
operations (1,2). Persons who live near large
hog operations have reported reduced quali-
ty of life as well as health problems related to
airborne emissions from animal confinement
houses, open waste lagoons, and spray fields
(3-8). Airborne emissions include hydrogen
sulfide, ammonia, dusts, endotoxins, and
complex mixtures of volatile organic com-
pounds. Health effects from environmental
exposures could occur through inflammato-
ry, immunologic, irritant, neurochemical,
and psychophysiologic mechanisms (5).


In contrast to the many studies of occupa-
tional exposures of swine confinement-house
workers (9-25), only a few field studies have
investigated the health effects of lower level
environmental exposures. In a study of resi-
dents near hog facilities in North Carolina,
Schiffman et al. (26) reported that persons
exposed to odors from intensive hog opera-
tions experienced "more tension, more
depression, more anger, more fatigue, and
more confusion" than a group of unexposed


persons. A study in Iowa (7) compared phys-
ical and mental health symptoms among
people residing within a 2-mile radius of a
4,000-head swine operation and a control
group in an area with no intensive livestock
operation. Those who lived in the vicinity of
the intensive hog operation reported higher
frequencies of 14 of 18 physical health
symptoms, especially respiratory symptoms.
The Iowa study did not find an excess of
mental health symptoms but, in contrast to
the North Carolina study (26), it was not
designed to evaluate symptoms at the time
that odors were present.


The present study addressed a number of
issues raised by previous research. Unlike
studies of volunteers, the sample was drawn
systematically from defined populations. To
increase the levels of participation and pre-
vent exclusions based on literacy or the abili-
ty to participate in a longer study, we did not
ask participants to keep a diary or respond to
questions at the times that airborne emissions
from livestock operations were noticeable.
Instead, we asked questions about the num-
ber of times that participants experienced the
symptoms of interest during the previous 6
months. Because mood disturbance and
mental health effects may be acute responses
to the presence of odors, we focused on phys-
ical health and quality of life rather than on


short-term mood changes. We achieved high
levels of participation in the study by estab-
lishing cooperative relationships with local
community based organizations in planning
and conducting the research.


This study compared health symptoms
in residents of three North Carolina com-
munities, one in the vicinity of an intensive
hog operation, one in the vicinity of two
intensive cattle operations, and a third in a
rural agricultural area where no livestock
operations used liquid waste management
systems. Although the primary motivation
for the study came from an interest in air-
borne emissions from swine operations, the
inclusion of people residing near cattle oper-
ations afforded an opportunity to examine
possible health effects from a different kind
of livestock, and also offered a second com-
parison community that may share other
features common to communities with
intensive livestock production.


Materials and Methods
Selection of communities. The North
Carolina Division of Water Quality
(Raleigh, NC) maintains a database on
intensive livestock operations that use liquid
waste management systems (27). Information
on livestock operations included in the data-
base as of January 1998 was merged with
1990 U.S. Census block group data (U.S.
Census Bureau, Suitland, MD). Data for
block groups, which average approximately
500 households, included information on
population size, race, and poverty levels.
Maps of the eastern part of North Carolina
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were prepared showing the locations of live-
stock operations, towns, roads, and church-
es. Community consultants experienced
with the hog industry and the health con-
cerns of community members met with uni-
versity researchers to review the maps and
choose potential study sites. Our goal was to
choose three areas with similar economic
and demographic characteristics where resi-
dents would be willing to participate in an
interview and where existing community
based organizations would be interested in
working with researchers. We sought live-
stock areas with 80-100 households within a
2-mile radius of the livestock facility so that
we would be able to obtain approximately
50 participants in each area.


The hog and cattle study areas were
defined by a < 2-mile radius around the oper-
ations and each study area was contained
within a single census block group. The hog
operation was a feeder-to-finish facility with a
head capacity of approximately 6,000, a
steady-state live weight of approximately
800,000 pounds, and one lagoon. The cattle
community contained two neighboring dairy
operations with a combined head capacity of
approximately 300, live weight of approxi-
mately 200,000 pounds, and two lagoons.
The area with no intensive livestock opera-
tions extended across two block groups. Parts
of two block groups were included to ensure
that eligible households were at least 2 miles
away from any livestock operation using a
liquid waste management system. The medi-
an annual family income of the census block
groups from which the study areas were cho-
sen ranged from approximately $17,000-
23,000 and the populations were between 65
and 90% African American.


All habitable dwellings in the study areas
were enumerated. The location of each
dwelling was noted on an enlarged area map
and was assigned a unique study number.
Information on street or road location and
the type of dwelling was entered into a com-
puterized database.


Questionnaire. A structured question-
naire was developed based on previous
research findings and on discussions with
community members who had experienced
exposures from intensive livestock opera-
tions. In addition to symptoms identified by
previous studies or community residents as
possibly related to airborne emissions from
livestock operations, we included symptoms
that we did not believe would be related to
airborne emissions to evaluate the possibility
that residents of exposed communities might
report excesses of all types of symptoms
because of negative feelings about intensive
livestock operations. The questionnaire was
designed to obtain information about the
frequency of occurrence of each symptom


over the 6 months preceding the interview.
Possible responses were never; rarely (once or
twice over the past 6 months); sometimes
(1-3 times per month); often (1 per week);
and very often (twice a week or more over
the past 6 months). After all of the struc-
tured questions had been asked, respondents
were asked about aspects of the environ-
ment that may have affected their own
health or the health of others in the house-
hold. Interviewers took notes to summarize
the types of responses. At the end of the
interview, participants were asked their age,
occupation, household size, source of drink-
ing water, and whether they or others in the
household smoked tobacco. The interviewers
recorded race, sex, and whether anyone
other than the participant and interviewer
were present during the interview.


Household interviews. Adults 18 years of
age or older with no serious speech or men-
tal impairment who lived in the current resi-
dence for 6 months or longer were eligible to
respond to the questionnaire. The house-
holds of dairy operators who lived beside the
cattle facility were excluded to avoid the


complication of occupational exposures; the
household of the swine facility operator was
not within the 2-mile enumeration area of
the facility. Interviews were conducted on
Fridays and Saturdays in January and
February 1999 by university-based staff.
Interviewers were accompanied by a com-
munity consultant, a local resident recruited
from the membership of the community
based organization. The community con-
sultant introduced the interviewer to the
prospective respondent, explained the pur-
pose and importance of the survey, and
encouraged each person to participate.
Interviewers were trained to administer the
survey instrument systematically and uni-
formly to all respondents. The participant
interview was conducted in a location of the
participant's choosing. The questionnaire
required less than 15 min to complete. The
community consultant was not present for
the interview unless the participant specifi-
cally asked the consultant to remain.


One adult from each household was invit-
ed to participate in the survey. Preference was
given to the first person to answer the door if


Table 1. Characteristics of study households, listed by type of livestock operation.


Livestock operation
Characteristic None Cattle Hogs Total


Inhabited houses 104 116 92 312
Households ineligiblea 5 2 3 10
Nothome 29 44 19 92
Rescheduled or not contacted 5 14 10 29
Completed interviews 50 50 55 155
Refused 15 6 5 26
Refusal rateb 23.1% 10.7% 8.3% 14.4%


'Not living in the house for 6 months; difficulty understanding survey questions. bRefusal rate = completed
interviews/completed interviews + refusals.


Table 2. Characteristics of respondents.


Livestock operation, no. (%)
Characteristic None Cattle Hogs Total
Age
19-44 years 19 (38) 13 (26) 23(42) 55(36)
45-64 years 19(38) 19(38) 20 (36) 58 (37)
65-90 years 12(24) 18 (36) 12 (22) 42(27)


Race/ethnicity
African American 45(90) 49(98) 48 (87) 142 (92)
White 5(10) 1(2) 6(11) 12(8)
Latino 0 (0) 0 (0) 1(2) 1(1)


Sex
Female 31(62) 33(66) 36(65) 100 (65)
Male 19 (38) 17 (34) 19(35) 55(35)


Smoking
Yes 14(28) 13 (26) 7 (13) 34(22)
No 36(72) 37 (74) 48 (87) 121 (78)


Employed outside of the home
Yes 26(52) 15(30) 34(62) 75(48)
No 24 (48) 34(68) 21(38) 79 (51)
Not completed 0 (0) 1(2) 0 (0) 1(1)


Number in household
1 12(24) 8 (16) 3 (5) 23 (15)
2 21 (42) 21 (42) 20 (37) 62 (40)
3-4 12(24) 15(30) 15(27) 42(27)
5-12 5 (10) 6 (12) 17 (31) 28 (18)


Total respondents (n) 50 (100) 50 (100) 55 (100) 155 (100)
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the person was over 18 years old and lived in
the household. Those who declined to partici-
pate because the time was inconvenient were
offered alternative times and the visit was
rescheduled. If no one was at home, the infor-
mation was recorded on the tracking form.
These households were visited a second time.
Households were visited sequentially using
the enumeration map in approximate order of
distance from the intensive livestock opera-
tion until a minimum sample size of 50 was
reached. Informed consent was requested
verbally by the trained interviewer.


Statistial methods. Differences in symp-
toms among the three communities were
evaluated by comparing the average number
of episodes experienced over the last 6 months
for each symptom. The number of episodes
over the 6 months preceding the interview
was scored according to the instructions given
to respondents for responding to the fre-
quency of symptoms. A response of "never"


corresponded to 0 episodes. A response of
"occasionally" corresponded to two episodes.
"Sometimes" corresponded to 12 episodes
(2/month), "often" corresponded to 26
episodes (1/week), and "very often" corre-
sponded to 52 episodes (2/week). Adjusted
mean differences in the numbers of episodes
were calculated using linear regression to con-
trol for sex, age (19-44, 45-64, or 65-90
years), respondent's smoking status (yes or
no), and employment outside the home (yes
or no). These variables were considered
potential confounders because they may be
associated with exposure to airborne emis-
sions and experience or reporting of symp-
toms. Because the five response categories for
the number of episodes were highly skewed,
regression models were also run with the
dependent variable coded as the square root
of the number of episodes and as 0-4.


The ratio of the P-coefficient (adjusted
mean difference in number of episodes) to


Table 3. Number and percent of respondents reporting 12 or more episodes, and mean number of
episodes.


Livestock operation
None Cattle Hogs


Symptom No. (%)a Meanb No. (%)a Meanb No. (%)M Meanb
Total respondents 50 (100.0) - 50(100.0) - 55 (100.0) -


Upper respiratory/sinus
Headache 16 (32.0) 7.8 18 (36.0) 9.4 34 (61.8) 15.5
Stuffy nose/sinuses 14(28.0) 7.2 17(34.0) 8.8 24(44.4) 10.2
Runny nose 8 (16.0) 3.9 10 (20.0) 5.4 16 (29.1) 8.5
Burning nose/sinuses 11(22.0) 4.1 9(18.0) 3.4 14(25.5) 6.7
Sore throat 2 (4.0) 0.9 6 (12.0) 2.5 9 (16.4) 4.7
Plugged/popping ears 10 (20.0) 5.5 11 (22.0) 5.2 11 (20.0) 4.6
Scratchy throat 6 (12.0) 2.2 10 (20.4) 3.8 10 (18.2) 4.4


Lower respiratory
Mucus/phlegm 14 (28.0) 5.9 14 (28.6) 7.2 16 (29.1) 8.5
Excessive coughing 5 (10.0) 1.8 6 (12.0) 3.7 12 (21.8) 6.3
Shortness of breath 12(24.0) 7.0 13(26.0) 6.1 11(20.0) 5.5
Tightness in chest 6 (12.0) 3.0 9 (18.0) 4.9 11(20.0) 3.9
Wheezing 8 (16.0) 4.4 7 (14.0) 3.7 9 (16.4) 3.6
Strange breathing sounds 10 (20.0) 5.2 5 (10.2) 3.0 6 (10.9) 2.3


Gastrointestinal
Heartburn 10 (20.4) 5.2 10 (20.0) 8.1 17 (30.9) 7.1
Nausea/vomiting 7 (14.0) 3.0 7 (14.0) 4.8 15 (27.3) 5.9
No appetite 8 (16.0) 2.8 8 (16.3) 4.1 12 (21.8) 5.5
Diarrhea 2 (4.0) 1.7 4 (8.2) 1.3 10 (18.2) 4.3


Skin/eye irritation
Burning eyes 8 (16.0) 3.8 5 (10.0) 3.4 19 (35.2) 9.4
Tearing eyes 16 (32.0) 9.5 14 (28.0) 8.7 20 (36.4) 9.3
Dry/scaly skin 10 (20.0) 4.4 11(22.0) 7.1 12 (21.8) 7.1
Skin rash or irritation 4(8.0) 1.6 4 (8.0) 2.0 8 (14.6) 4.0
Skin redness 1 (2.0) 1.2 0 (0.0) 0.1 4 (7.3) 1.3


Miscellaneous
Joint/muscle pain 24(48.0) 16.1 26 (52.0) 17.2 28 (50.9) 16.7
Unexplainably tired 19 (38.0) 12.8 19 (38.0) 10.5 23 (41.8) 13.7
Blurred vision 15 (30.0) 8.8 9 (18.0) 5.4 16 (29.6) 9.7
Dizzy/faint 11(22.0) 5.5 10 (20.0) 5.3 12 (21.8) 4.1
Hearing problems 7 (14.0) 7.4 5 (10.0) 2.0 6 (10.9) 2.7
Chestpain 10 (20.0) 3.4 6 (12.0) 1.6 6 (10.9) 2.7
Fever/chills 5 (10.0) 2.3 2 (4.0) 1.2 5 (9.3) 1.9
Fainted 0 (0.0) 0.04 0 (0.0) 0.04 1 (1.9) 1.0


Quality of life
Can't open windows 7 (14.3) 3.2 4(8.2) 1.8 31(57.4) 18.5
Can't go outside 5(10.0) 2.1 3 (6.0) 1.2 30 (55.6) 15.4


&Number and percentage of respondents answering sometimes (1-3 times/month), often (l/week), and very often (> 2
times/week over the past 6 months). bAverage number of episodes per person over 6 months.


its SE yields a t-value. Larger absolute values
of t indicate that the livestock variable is
more important for statistically predicting
numbers of symptom episodes. Significance
tests are not presented because exposures
were not randomized in this observational
study; however, t-values > 1.66 would pro-
duce a significant one-tailed test of the
hypothesis that average numbers of symp-
toms are greater in the livestock than in the
control community at p < 0.05. Values
> 1.98 would produce a significant two-
tailed test at p < 0.05.


Results
Table 1 shows the numbers of households
enumerated and surveyed. Enumerated
households were within 2 miles of an inten-
sive livestock operation in the cattle and hog
communities. In the control area, enumerat-
ed households were > 2 miles from an inten-
sive livestock operation in the control area.
Approximately 100 households were enumer-
ated in each area. Fifty interviews were com-
pleted in the cattle and control communities,
and 55 interviews were completed in the hog
community. The refusal rate was 23.1% in
the control community, 10.7% in the cattle
community, and 8.3% in the hog community.


Characteristics of the respondents are
shown in Table 2. The cattle community
had the largest proportion of respondents
older than 65 years of age. All three com-
munities were predominantly African
American. Approximately two-thirds of the
participants were female. The proportion of
respondents who reported smoking tobacco
was lower in the hog community than in
the other two communities, whereas the
proportion employed outside of the home
was higher. None of the study participants
reported that they worked in the livestock
industry. Household size was largest in the
hog community.


Responses to the symptom questions in
the three communities are shown in Table 3.
The symptoms were categorized in six
groups: upper respiratory and sinus, lower
respiratory, gastrointestinal, skin and eye
irritation, miscellaneous, and quality of life.
For each community we tallied the number
of persons who answered "sometimes,"
"often," or "very often" corresponding to
. 12 episodes during the 6-month period.
Table 3 also shows the percentage of "some-
times" or more often and the average num-
ber of episodes for the 6 months.


Most of the percentages in Table 3 are
< 50; the majority of participants responded
"never" or "occasionally" to most of the
symptom questions. Among the upper respi-
ratory and sinus conditions, the percentage
of respondents reporting 2 12 episodes was
the largest in the hog community except for
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plugged ears and scratchy throats. Percentages
were generally intermediate in the cattle
community. The percentage of respondents
reporting . 12 episodes was generally smaller
for lower respiratory, gastrointestinal, and
skin or eye irritation symptoms. Percentages
were the highest in the hog community for
all four gastrointestinal symptoms. In all
three communities, more than one-third of
the participants reported experiencing joint
or muscle pain and unexplained tiredness
2 12 times. By far the biggest differences
between the communities were seen in the
quality-of-life questions. Over half of the
respondents in the hog community, as com-
pared to less than one-fifth in the other two
communities, reported not being able to
open windows or go outside, even in nice
weather, . 12 times over the last 6 months.


Table 4 presents the results of the linear
regression showing differences between the
average number of episodes in each livestock
community as compared to the community
with no intensive livestock. Table 4 shows
the difference in the mean number of
episodes adjusted for sex, age, smoking, and
work outside the home; the SE of the I3-
coefficient; and the t-value, which is the ratio
of the [-coefficient to its SE (see "Statistical
Methods"). The adjusted mean differences
for the cattle community were generally
small, with lower mean scores (negative 3-
coefficients and t-values) for many symptoms
in the cattle as compared to the control com-
munity. Only episodes of excessive coughing
and heartburn occurred on average > 2 times
more in the cattle than in the control com-
munity (P > 2), and the t-values for these
differences were only approximately 1.0. All
of the symptoms in the miscellaneous catego-
ry appeared less frequently in the cattle than
in the control community. Hearing problems
showed the largest difference in adjusted
mean episodes, although this is based on a
small number of people in the higher cate-
gories (Table 3).


In contrast, there were many mean dif-
ferences of more than two episodes for the
hog as compared to the control community.
The average number of episodes was the
most consistently elevated for upper respira-
tory and sinus conditions, gastrointestinal
conditions, and skin or eye irritation. t-
Values for headache, runny nose, sore throat,
excessive coughing, diarrhea, and burning
eyes showed that residence in the hog com-
munity was an important predictor of these
physical health symptoms. In contrast, none
of the miscellaneous symptoms showed
important excesses in the hog community.


Responses to the quality-of-life questions
were very different in the control and cattle
communities as compared to the hog com-
munity. The adjusted number of episodes


during which participants could not open
windows or go outside even in nice weather
differed little for the cattle and control com-
munities, whereas excesses of approximately
13-15 episodes were seen in the hog as com-
pared to the control communities. t-Values
for these [B-coefficients were large.


To evaluate the sensitivity of the regres-
sion results to the coding of the dependent
variable, the models shown in Table 4 were
rerun using values of the square root of the
number of episodes and as 0, 1, 2, 3, and 4.
t-Values for differences between the hog
community and the control community
were larger in these models. The t-value for
nausea/vomiting was 1.61 with the original
metric, 2.68 using the square root of the
number of episodes, and 2.88 with a coding
of 0-4. To consider whether elevated gas-
trointestinal symptoms in the hog commu-
nity might be related to well contamination,
the models shown in Table 4 were rerun for
the four gastrointestinal symptoms including


a variable for well versus municipal water


supply. The coefficients for well water were
small and had little influence on the esti-
mates of differences between livestock and
control communities.


Responses to open-ended questions about
how the environment around the home
affected the life or health of the respondent or
members of her household are shown in
Tables 5 and 6. Responses that were given by
two or more persons in the study are shown.
Most participants from the control and cattle
communities had little to report in response
to these open-ended questions, although eight
participants in the cattle community men-
tioned livestock odor. In contrast, livestock
odor was noted as a problem for many resi-
dents of the hog community and for mem-
bers of the residents' households.


Discussion
To our knowledge this is the first population-
based study of physical health symptoms and


Table 4. Linear regression results: average number of episodes in two livestock communities as compared
to a community with no intensive livestock.


Livestock operation
Cattle Hogs


Symptom p3a SEb t-Value pa SEb t-Value
Upper respiratory/sinus
Headache 1.57 3.02 0.52 7.62 2.94 2.60
Stuffy nose/sinuses 1.33 2.86 0.47 2.97 2.79 1.06
Runny nose 1.26 2.44 0.52 5.18 2.37 2.18
Burning nose/sinuses -0.42 2.19 -0.19 1.99 2.13 0.93
Sore throat 1.71 1.52 1.12 3.64 1.48 2.45
Plugged/popping ears -1.07 2.28 -0.47 -0.79 2.22 -0.35
Scratchy throat 1.63 1.49 1.09 2.09 1.45 1.44


Lower respiratory
Mucus/phlegm 0.56 2.65 0.21 3.91 2.57 1.52
Excessive coughing 2.15 2.06 1.04 4.74 2.01 2.36
Shortness of breath -1.62 2.66 -0.61 -0.74 2.59 -0.29
Tightness in chest 1.45 2.08 0.70 1.37 2.02 0.68
Wheezing -0.63 2.05 -0.31 -0.50 1.99 -0.25
Strange breathing sounds -2.31 2.16 -1.07 -2.57 2.09 -1.23


Gastrointestinal
Heartburn 2.35 2.86 0.82 1.94 2.78 0.70
Nausea/vomiting 1.15 2.20 0.52 3.46 2.15 1.61
No appetite 0.92 2.02 0.46 3.03 1.96 1.55
Diarrhea -0.92 1.44 -0.64 2.96 1.39 2.13


Skin/eye irritation
Burning eyes -1.39 2.47 -0.56 5.58 2.42 2.31
Tearing eyes -1.70 3.24 -0.52 0.64 3.16 0.20
Dry/scaly skin 1.85 2.81 0.66 2.67 2.74 0.98
Skin rash or irritation 0.54 1.72 0.31 2.28 1.67 1.36
Skin redness -1.25 1.01 -1.23 0.12 0.99 0.12


Miscellaneous
Joint/muscle pain -0.22 4.03 -0.06 1.22 3.93 0.31
Unexplainably tired -3.43 3.78 -0.91 0.76 3.68 0.21
Blurred vision -4.67 3.14 -1.49 1.25 3.07 0.41
Dizzy/faint -1.22 2.17 -0.56 -1.32 2.11 -0.63
Hearing problems -6.44 2.50 -2.57 -3.58 2.44 -1.47
Chest pain -2.30 1.32 -1.74 -0.35 1.29 -0.27
Fever/chills -1.32 1.04 -1.27 -0.39 1.02 -0.38
Fainted -0.18 0.86 -0.20 1.02 0.84 1.21


Quality of life
Can't open windows -1.33 2.88 -0.46 14.74 2.80 5.26
Can't go outside -0.79 2.38 -0.33 12.73 2.32 5.47
&Difference in the average number of episodes between communities with and without livestock operations, adjusted for
sex, age, smoking, and work outside of the home. bOf the ,B-coefficient
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quality of life among community residents in
North Carolina that focused on the possible
health effects of airborne emissions from
intensive livestock operations. The study
sample was drawn from areas of the state
with a majority ofAfrican American residents
who have low median income. This was not
unexpected because intensive hog operations
in North Carolina are located dispropor-
tionately in poor and nonwhite areas (27).
Despite the legacy of distrust of biomedical
research in the African American community
(28), refusal rates were low because of the
participation of community based organiza-
tions in introducing researchers to partici-
pants. The preponderance of women in the
study reflects, in part, who was at home and
who answered the door when approached by
the community consultant and interviewer.


A number of symptoms previously
reported as elevated among persons occupa-
tionally exposed in swine confinement houses
were elevated among the residents of the hog
community as compared to the community
with no livestock operations. In particular,
headache, runny nose, sore throat, excessive
coughing, diarrhea, and burning eyes were
reported more frequently in the hog commu-
nity. Members of the cattle community did
not report similar elevations, nor did they
report reduced quality of life. The quality of
life measures (not opening of windows and
not going outside even in nice weather)
showed a large excess in the hog community.


As in all studies, measurement problems
and differences between the communities
other than the exposure of interest could
have influenced the results. Recall bias is an
issue in any survey. We were particularly
concerned that residents living in proximity
to a hog operation might report a greater
number of symptoms because of negative


Table 5. Problems that affect respondents' own
life or health.a


Livestock operation
Problem None Cattle Hogs


Livestock odor 0 8 25
Livestock odor (limits 0 0 14
adult recreation(


Livestock odor (respiratory 0 0 6
symptoms)


Livestock odor (can't 0 0 4
open windows)


Livestock effluent 0 0 4
(contaminated well)


Livestock odor (try not to 0 0 3
breathe)


Livestock odor (nausea) 0 0 3
Livestock operation 0 0 3
(flies and insects)


Crop sprayers (dust 1 0 2
or noise)


&Respondents were asked, "Has the environment around


feelings about the effect
their lives and their com
we were careful to preseni


health survey, not as a 1


study, and we did not in
in the survey that referre
or odors. During debrie
work, interviewers reporte
dents did not understa
about the environment r


including odor. Such r


would have led to an ui


impact of livestock opera


quality of life.
It is possible that re


community could have rt
toms because of their feel
tive impact of the hog
community. However, if
we would have expectec


most symptoms. In fact,
in the miscellaneous cateM
were expected to be rela
airborne emissions, occui


same frequency in the ho
munities (Table 4). This
was not a tendency for ov


residents of the hog cot


feelings might also have
open-ended questions, wI


the opportunity to repoi


the environmental health
issues addressed in the s


naire. As shown in Tabl
the hog community e:
about property values.


Other circumstances
have led to an underestim
swine operations on heal
Perhaps most important,
with only one intensive
would have expected to


Table 6. Problems that affec
or health.a


Problem


Livestock odor
Livestock odor (limits
child recreation)


Livestock odor (limits
adult recreation)


Livestock odor (try not to
breathe)


Livestock odor
(respiratory symptoms)


Respiratory ailments
Complaints of skin
symptoms


Livestock effluent
(contaminated well)


Livestock odor
(decreases property value)


"Respondents were asked, "Has
your house affected the life or
of your household?"


of the operation on areas of the state with larger and more numer-


imunity. Therefore, ous operations and consequently heavier air-
t the study as a rural borne emissions. Differences between the
Livestock and health livestock and control communities may also
clude any questions have been reduced because of exposures to
d to hogs, livestock, agricultural chemicals and dusts from row


fings after the field cropping in the control community.
od that some respon- Levels of emissions and weather condi-
ind that questions tions at the time interviewers were in the
-eferred to problems field may also have influenced the findings.
misunderstandings With one exception, interviewers did not
nderestimate of the notice an odor from the hog operation while
itions on health and conducting the interviews. If interviews had


been conducted when odors were strong,
'sidents of the hog respondents may have reported a greater
eported more symp- frequency of health symptoms.
ings about the nega- The lack of environmental exposure


operation on their monitoring data is also a concern in this
f this had occurred, study. We assumed that if persons resided
excess reports for within 2 miles of the hog operations, they


the eight symptoms were exposed to the emissions. We were not
gory, none of which able to distinguish higher or lower exposure
ated to exposure to levels within the community. Exposure dif-
rred with about the ferences could occur because of differences in
)g and control com- distance, direction, elevation, physical barri-
suggests that there ers, the amount of time spent at home, the


ver-reporting among amount of time spent outdoors, and the avail-
mmunity. Negative ability of air conditioning and filters in the
been evident in the home. Quantitative evaluation of exposure
hen respondents had differences between individuals would increase
rt concerns beyond the ability of an epidemiologic study to iden-
i and quality-of-life tify health effects of airborne emissions.
;tructured question- Similarly, clinical or biologic measures of
e 6, two persons in outcome would strengthen information
xpressed concerns about relationships between environmental


exposures to emissions from livestock opera-


of the survey may tions and health. Future studies could be
iate of the impact of designed to obtain information on respirato-
th of area residents. ry and immune function and standardized
we studied an area clinical evaluation of physical and mental
hog operation. We health conditions. Such studies could evalu-
see larger effects in ate possible mechanisms linking environ-


mental exposures and health.
:t family members' life This study was not able to evaluate spe-


cific populations that may be more susceptible
Livestock operation to health impacts of environmental expo-


Jone Cattle Hogs sures. These groups include children, asth-
0 0 18 matics, and older persons with compromised


pulmonary or cardiovascular function.
0 0 10 Future studies should evaluate whether these


0 1 4 subgroups


emissions from intensive livestock operations.
We were also unable to evaluate the acute


0 0 4 impact of odors on mental health or the
0 0 4 long-term impacts of reduced quality of life
3 0 3 on mental, physical, or community health.


This study supports previous research
0 2 suggesting that community members experi-


0 0 2 ence health problems due to airborne emis-


sions from intensive swine operations (7). In
0 0 2 North Carolina there are approximately


2,500 intensive hog operations, and they are;athe environment aro
heathf ohermemnr located disproportionately in areas that are


poor and nonwhite (27). The public health
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and environmental injustice implications of
this geographical pattern extend beyond the
physiologic impact of airborne emissions to
issues of well-water contamination (29) and
the negative impact of noxious odors (8) on
community economic development (30,31).
Populations in these areas may be at greater
risk of health impacts due to high disease
rates (32,33), low income (27), and poor
housing conditions. Future research could
provide a better understanding of the health
effects of intensive livestock operations by
combining individual exposure assessment,
physiologic measures, clinical evaluation of
physical and mental health, and follow-up of
exposed communities.
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Research


There is a long history of medical interest in
the health impacts of environmental malodor,
from Hippocrates to William Farr, England’s
first Registrar General. In recent decades, sci-
entific consideration of the health conse-
quences of malodors has increased in the
context of residential exposures to malodors
from municipal solid waste landfills; waste-
water treatment; land application of treated
sewage sludge; industrialized animal opera-
tions; and the production, storage, and trans-
port of industrial chemicals (Schiffman et al.
2000). Environmental malodors may prompt
reports of annoyance, worry, and physical
symptoms (Shusterman 2001). The extent to
which malodor is an aesthetic issue versus a
threat to health is a subject of scientific investi-
gation and litigation that has important impli-
cations for environmental regulation, public
health, and environmental justice (Thu 1998). 


Odorant compounds can affect human
health via several mechanisms (Schiffman
et al. 2000; Shusterman 1992). First, at con-
centrations high enough to stimulate the
trigeminal nerve, odorant chemicals may pro-
duce irritation of the eyes, nose, and throat, or
other toxicologic effects. In this case, the toxi-
cologic properties of the odorous molecules,
rather than odor, produce symptoms. Second,
via innate aversion, conditioning, or stress
responses, odorant compounds can induce


symptoms such as nausea, vomiting, headaches,
stress, negative mood, and a stinging sensation
at concentrations higher than the olfactory
nerve threshold but below the trigeminal nerve
threshold (Schiffman 1998; Schiffman et al.
2000; Shusterman 1992, 2001; Shusterman
et al. 1991). Third, symptoms occurring in
response to odorant mixtures may be due to a
nonodorant component such as endotoxin,
which can induce inflammation and airflow
obstruction (Kline et al. 1999). 


Odors may be quantified in natural set-
tings or by laboratory analysis of ambient air
samples using trained odor panels, scentome-
ters, olfactometers, or electronic noses
(Schiffman et al. 2001, 2005); however, tran-
sient and unpredictable odors are difficult to
quantify. Although spontaneous reports of
malodor may be quantified (e.g., Aitken and
Okun 1992; Drew et al. 2007), this approach
mixes variation in odor with variation in peo-
ple’s propensities to report odors and the lim-
ited availability of public agencies or
researchers to track reports.


Research on malodors from concentrated
animal feeding operations (CAFOs) and
the consequences of these malodors for the
health and quality of life of nearby neighbors
has increased with expansion of industrial
animal agriculture. Recent studies report that
CAFO neighbors experience elevated levels of


gastrointestinal and respiratory tract symp-
toms (Thu et al. 1997; Wing and Wolf
2000), wheezing and asthma (Merchant et al.
2005; Mirabelli et al. 2006; Radon et al.
2007), and decreased secretion of salivary IgA
during episodes of high odor (Avery et al.
2004). Research on malodor is of interest in
the context of broader impacts of industrial
livestock production on energy use, diet, air
and water pollution, and occupational health
and safety (Donham et al. 2007; Thu 2002).


The purpose of this study was to quantify
the reports of hog odors made by neighbors of
swine CAFOs. To address a common limita-
tion of research into connections between
odor and health based on self-report without
objective measures, we measured hydrogen


Address correspondence to S. Wing, 2101F
McGavran-Greenberg Hall, Department of
Epidemiology, School of Public Health, CB# 7435,
University of North Carolina, Chapel Hill, NC
27599-7435 USA. Telephone: (919) 966-7416. Fax:
(919) 966-2089. Email: steve_wing@unc.edu


D. Davis, J. Godwin, G. Grant, S. Hutton,
A. Lowman, M. Mirabelli, N. Muhammad,
J. Watkins, and S. Wolf played key roles in field
work and study support. We are indebted to the
Concerned Citizens of Tillery and the Alliance for a
Responsible Swine Industry for guidance and sup-
port, and to the study participants for their hard
work and commitment to collection of data.


This research was supported by grant R01 ES011359
from the National Institute of Environmental Health
Sciences, the Kellogg Community Health Scholars
Program, and the U.S. Environmental Protection
Agency (EPA) cooperative agreement CR829522 with
the Center for Environmental Medicine, Asthma, and
Lung Biology at the University of North Carolina at
Chapel Hill. 


This paper has not been subjected to the U.S. EPA’s
required peer and policy review, and therefore does not
necessarily reflect the views of the agency and no official
endorsement should be inferred. Mention of trade
names or commercial products does not constitute
endorsement or recommendation for use. 


In exchange for a report and testimony, a law firm
representing plaintiffs in a civil suit about impacts of
an industrial swine operation on its neighbors con-
tributed $2,000 to the University of North Carolina in
support of S.W.’s research. K.T. has served as a consul-
tant and provided testimony in civil suits regarding
impacts of industrial swine operations on neighbors,
and has received funding from the Iowa Pork
Producers Association and the National Pork
Producers Council. S.S.S. has received funding from
the National Pork Board, the North Carolina Pork
Council, and the Smithfield Agreement between
Smithfield Foods and the State of North Carolina.
The remaining authors declare they have no compet-
ing financial interests. 


Received 9 January 2008; accepted 5 June 2008.


Air Pollution and Odor in Communities Near Industrial Swine Operations
Steve Wing,1 Rachel Avery Horton,1 Stephen W. Marshall,1 Kendall Thu,2 Mansoureh Tajik,3 Leah Schinasi,1


and Susan S. Schiffman4


1Department of Epidemiology, School of Public Health, University of North Carolina, Chapel Hill, North Carolina, USA; 2Department of
Anthropology, Northern Illinois University, DeKalb, Illinois, USA; 3Department of Health and Sustainability, University of Massachusetts
Lowell, Lowell, Massachusetts, USA; 4Department of Psychiatry, Duke University, Durham, North Carolina, USA


BACKGROUND: Odors can affect health and quality of life. Industrialized animal agriculture creates
odorant compounds that are components of a mixture of agents that could trigger symptoms
reported by neighbors of livestock operations. 


OBJECTIVE: We quantified swine odor episodes reported by neighbors and the relationships of these
episodes with environmental measurements. 


METHODS: Between September 2003 and September 2005, 101 nonsmoking volunteers living
within 1.5 mi of industrial swine operations in 16 neighborhoods in eastern North Carolina com-
pleted twice-daily odor diaries for approximately 2 weeks. Meteorological conditions, hydrogen sul-
fide, and particulate matter ≤ 10 µm in aerodynamic diameter (PM10) were monitored in each
neighborhood. We used mixed models to partition odor variance within and between people and
between neighborhoods, and to quantify relationships between environmental factors and odor. 


RESULTS: Participants reported 1,655 episodes of swine odor. In nine neighborhoods, odor was
reported on more than half of study-days. Odor ratings were related to temperature, PM10, and
semivolatile PM10 in standard but not mixed models. In mixed models, odor increased 0.15 ± 0.05
units (mean ± SE) for a 1-ppb increase in H2S, and 0.45 ± 0.14 units for a 10-µg/m3 increase in
PM10 at wind speeds > 6.75 miles per hour. The odds of reporting a change in daily activities due to
odor increased 62% for each unit increase in average odor during the prior 12 hr (t-value = 7.17).


CONCLUSIONS: This study indicates that malodor from swine operations is commonly present in
these communities and that the odors reported by neighbors are related to objective environmental
measurements and interruption of activities of daily life.
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sulfide, a product of anaerobic decomposition
of hog waste, and particulate matter ≤ 10 µm
in aerodynamic diameter (PM10), which can
transport odorant chemicals (Bottcher 2001);
at the same time participants rated the
strength of hog odor. Swine CAFOs are
located disproportionately in low-income
communities of color (Wilson et al. 2002;
Wing et al. 2000), where fear of reprisals and
community discord may discourage residents
from reporting malodors and health concerns
to health or environmental officials (Wing
2002), thus limiting the possibility of obtain-
ing data about odor from public records. The
Community Health Effects of Industrial Hog
Operations study used community-based par-
ticipatory research methods to increase the
completeness and quality of data collection
while promoting community organizing for
environmental justice (Wing et al. 2008). 


Materials and Methods


Setting and data collection. From September
2003 through September 2005 we collected
data in eastern North Carolina, an area with
one of the world’s highest densities of swine
production. Volunteers were recruited through
community-based organizations. Nonsmoking
adults ≥ 18 years of age who lived within
1.5 mi of at least one swine CAFO and had a
freezer in their home (for storage of saliva sam-
ples) were eligible to be enrolled. Participants
in each neighborhood attended a structured
training session at which they practiced data-
collection activities. Odor sensitivity threshold
was evaluated by asking participants to choose
which of two vials had an odor; one vial con-
tained distilled water and the other contained
butanol. Participants were presented up to
12 pairs of vials in series. The concentration of
butanol increased 2-fold with each successive
pair, beginning with 10 ppm. We defined
odor sensitivity as the lowest concentration of
a series of five correct choices. 


Twice daily for 2 weeks (three neighbor-
hoods chose to continue up to 7 additional
days) participants sat outside their homes for
10 min at times agreed upon during the train-
ing session, usually morning and evening.
They used a structured diary to report the
strength of hog odor and information about
health and quality of life. During their 10 min
outside, participants were asked to recall the
strength of hog odor inside at home, outside
at home, and away from home for each hour
of the day since their last diary entry. In this
study we examined the ratings of hourly out-
door odor as well as hourly indoor odor
reported in this portion of the diary.
Participants also rated the current strength of
hog odor at the end of the 10-min period. We
analyzed these twice-daily odor ratings, which
were made in the same locations at preselected
times of day, in relation to odor sensitivity and


environmental variables. Odor was rated on a
9-point scale from 0 (none) to 8 (very strong).
Participants also indicated whether they had
changed activities or decided not to do some-
thing because of hog odor.


We placed a small farm trailer with air
monitoring equipment in each neighborhood.
Locations were chosen to be as inconspicuous
as possible but free from trees or structures
that could affect air flow. We used a tapered
element oscillating microbalance ambient par-
ticulate monitor Series 1400a with a Series
8500 filter dynamics measurement system
(Rupprecht and Patashnick Co, Inc., East
Greenbush, NY) to record hourly values of
PM10 and semivolatile PM10. Semivolatile par-
ticles are composed of compounds that simul-
taneously have meaningful concentrations in
both vapor and condensed phases. PM10 values
were updated every 6 min. An MDA Scientific
single point monitor (Zellweger Analytics, Inc.,
North America, Lincolnshire, IL) provided
concentrations of H2S (parts per billion) aver-
aged over 15-min intervals. Temperature,
humidity, wind speed, and wind direction
were recorded every 10 min with a Vantage
Pro Weather Station (Davis Instruments,
Hayward, CA), and every 30 min with a
Young Model 05103VM-42 Wind Monitor
(R.M. Young Company, Traverse City, MI).
The Davis wind speed data were more com-
plete, but the instrument was less sensitive,
with values about 2 mi/hr (mph) lower than
the Young monitor. To fill in missing data
from each machine, values from the two
machines were collectively categorized as low
(≤ 0.57 mph), medium (0.58–6.75 mph), or
high (> 6.75 mph). In four communities, data
were missing for both weather instruments for
some periods. In these cases, which comprise
about three percent of total records, data were
obtained from the nearest airport weather sta-
tion, which was about 4.5 mi away for three
communities and 18.5 mi away in one. 


In each neighborhood a local “community
monitor” was shown how to check the opera-
tion status of the monitoring equipment and
was asked to call research staff on a toll-free
line to report any outage or error message. In
12 neighborhoods a study participant served
in this capacity.


We calculated the number of swine
CAFOs within 2 mi of the monitoring plat-
form using latitude and longitude coordinates
derived from online satellite imagery and oper-
ating permits issued by the North Carolina
Division of Water Quality (Raleigh, NC).
Although we used 1.5 mi as the criterion for
study elgibility, we counted operations within
2 mi because a) odor reports are made from
that far away; b) that distance has been used in
previous research (Thu et al. 1997; Wing and
Wolf 2000); and c) excess wheezing symptoms
have been reported as far as 3 mi from swine


CAFOs (Mirabelli et al. 2006). Coordinates
for the monitoring trailer and each partici-
pant’s home were determined using a hand-
held global positioning system device.


Following input and approval from the
Community Research Advisory Board of the
Concerned Citizens of Tillery (Tillery, NC)
the study protocol and survey instruments
were approved by the University of North
Carolina’s Institutional Review Board for
research involving human subjects, which fol-
lows national and international standards. All
participants gave informed consent. We
obtained a Certificate of Confidentiality from
the National Institutes of Health because of
legal measures taken by the North Carolina
Pork Council to obtain identifiable participant
information from a prior study (Wing 2002). 


Statistical analysis. We evaluated relation-
ships between environmental measurements
and twice-daily odor by stratification, stan-
dard linear regression, and linear mixed mod-
els. We chose the measure of twice-daily odor
for these analyses because these odor ratings
were provided in real time and at preselected
periods, and therefore should be less suscepti-
ble to recall bias than ratings of hourly odor
since the previous diary entry. The sample
sizes for these analyses varied based on the
numbers of missing values for environmental
measurements. Although hog-odor ratings
were highly right-skewed, the number of
observations was adequate to produce normal
sampling distributions for the regression coef-
ficients (Lumley et al. 2002); therefore,
untransformed odor was considered as a con-
tinuous dependent variable in our linear
regression models. Hourly average H2S, tem-
perature, humidity, and wind speed for hours
centered at the time of sitting outside were
considered as predictors of odor. We consid-
ered H2S levels for hours when all measure-
ments were below the detection limit of
2 ppb to be zero.


Mixed models with twice-daily odor as the
dependent variable and environmental meas-
ures as independent variables were fit using the
SAS MIXED procedure (SAS Institute Inc.,
Cary, NC) to account for variance within peo-
ple, between people, and between neighbor-
hoods. We compared Akaike information
criterion (AIC) statistics for fixed-slope and ran-
dom-slope models and chose models with lower
AIC statistics for presentation. We fit models
with intercepts when the only predictor of odor
is coded as an indicator variable, providing a
test of the difference between the omitted cate-
gory and the other category or categories. For
models with the interaction of a variable coded
as continuous and one coded as an indicator,
we fit models with no intercept to provide an
estimate of the effect of the continuous variable,
its SE, and a test of difference from zero, at each
level of the indicator variable. 
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We used mixed logistic regression for
analyses of activity limitation as the dependent
variable. Average hourly outdoor odor since
the previous diary entry was the independent
variable. Models were fitted using the SAS
GLIMMIX procedure. Random intercepts
and fixed effects of average odor ratings of 1 to
< 2, 2 to < 3, 3 to < 5, and ≥ 5 compared with
no odor were estimated as predictors of activ-
ity limitation due to odor, coded as a 0/1 vari-
able. A model was also fit with average hourly
odor as a continuous variable.


SEs of regression coefficients are presented
as measures of precision in order to reduce the
probabilistic interpretations implied by the use
of confidence intervals. For the same reason,
we assessed contributions of predictors to the
fit of models by t-tests instead of p-values
because this is not a randomized study
(Greenland 1990).


Results


Neighborhood and participant characteristics.
A total of 102 volunteers from 16 neighbor-
hoods enrolled in the study. One person who
had difficulty with the study protocol was
excluded from analyses. Analyses here include
84 people who collected data for 2 weeks,
15 (from three neighborhoods) who chose to
continue an additional 4–7 days, and 2 who
stopped before 2 weeks. Sixty-six women and
35 men participated. Age ranged from 19 to
89 years, with a mean age of 53. Eighty-four
participants identified themselves as black,
15 as white, one as black/Native American,
and one as Latino.


Characteristics of study neighborhoods,
labeled A–P, are given in Table 1. Two neigh-
borhoods had one swine CAFO within 2 mi of
the monitoring trailer, and six neighborhoods
had ≥ 10 within 2 mi. Approximately two-
thirds of participants lived in neighborhoods
within 2 mi of ≥ 5 swine CAFOs. In nine
neighborhoods, participants reported outdoor


swine odor on more than half the study days.
Mean temperature on study days ranged from
47°F in neighborhood A to 82°F in neighbor-
hood K; no neighborhoods participated dur-
ing January. Mean H2S was 0.004 ppb in
neighborhood E, where 99.8% of readings
were below the detection limit (2 ppb).
Neighborhoods O and C had the highest mean
values, 1.02 and 1.48 ppb, respectively, and
the highest values recorded in neighborhood O
were at the upper limit of detection, 90 ppb.
Average PM10 varied from 10.8 µg/m3 in
neighborhood A to 28.7 µg/m3 in neighbor-
hoods C and E, whereas semivolatile PM10 was
highest (9.2 µg/m3) in neighborhood O and
lowest in H (–3.2 µg/m3), indicating the high
degree of measurement error when using
the microbalance to characterize semivolatile
particle levels over short time periods.


Frequency, magnitude, and duration of
odor episodes. We calculated the average daily
odor that participants reported following the
twice-daily preselected 10-min periods of sit-
ting outdoors, as well as the average hourly
outdoor odor reported each day. Study partic-
ipants collected data on 1,495 days, although
twice-daily odor was missing for 39 of these
days. Results for the 1,456 days with twice-
daily odor information are reported here
(Table 2). The average twice-daily odor was
zero for 563 days (38.7%), and > 5 on
51 days (3.5%). Average hourly outdoor odor
was zero for 591 days (40.6%) and > 5 on
33 days (2.3%). Average twice-daily odor was
zero on fewer days than average hourly odor.
This is possible because participants could
report nonzero odor during twice-daily times
sitting outdoors when there was no odor at
other times during the hour.


Reported hourly outdoor odor was highest
in the mornings and evenings and lowest in the
middle of the day and night (Figure 1).
Morning odor was highest around 0300 hours
(mean = 1.7) when 12.2% of ratings were ≥ 5.


Mean hourly odor was 2.1 at 2000 hours, when
19.2% of odor ratings were five or greater. 


Based on hourly outdoor odor ratings,
participants reported 1,655 odor episodes
(Table 3). The duration of an episode is the
number of consecutive hours that swine odor
was reported to be above zero. The majority
of episodes (62.1%) lasted 1 hr, whereas
9 episodes (0.5%) lasted ≥ 9 hr. Average odor
was < 2 for about 39% and > 5 for about
16% of odor episodes lasting 1 or 2 hr.
Average strength was ≥ 5 for > 21% of odor
episodes of ≥ 3 hr. 


Hog odor was reported inside homes on
185 of 1,456 person-days of follow-up
(12.5%). Five hundred episodes of indoor
hourly odor were reported, of which 233
(46.6%) lasted 1 hr, 179 (35.8%) lasted
2–3 hr, and 88 (17.6%) lasted ≥ 4 hr. Three
of the 1-hr indoor odor episodes, rated 3, 6
and 8, were reported in the middle of time
periods when consistent sleep was indicated.


Butanol odor sensitivity threshold was esti-
mated for 98 participants, of whom 39 had a
threshold of 10 or 20 ppm (Table 4). Most
odor ratings were provided by people with
butanol detection thresholds between 10 and
160 ppm. Average reported odor declined
with sensitivity from 20 to 160 ppm. Among
the 12 participants with odor thresholds of
≥ 320 there was not a clear relationship
between odor sensitivity and average odor.


Environmental correlates of odor. Analyses
of environmental correlates were based on the
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Table 1. Characteristics of neighborhoods and CAFOs within 2 mi of the monitoring platform.


Swine Participants Mean Days with any Days with any Mean Mean H2S values Highest Mean Mean semivolatile
Site CAFOs (no.) (no.) 10-min odor odor outdoors (%) odor indoors (%) temp (F) H2S (ppb) < 2 ppb (%) H2S (ppb)a PM10 (μg/m3) PM10 (μg/m3)


A 1 7 0.4 26 2 47 0.01 99.7 4 10.8 1.1
B 1 6 0.7 48 10 50 0.09 97.0 9 13.6 1.8
C 3 5 1.4 70 14 60 1.48 77.1 28 28.7 2.7
D 3 6 0.8 68 9 59 0.41 90.7 20 13.7 1.4
E 4 7 0.5 20 15 77 > 0.00 99.8 2 28.7 5.9
F 4 4 2.7 95 46 77 0.15 94.2 10 28.4 3.9
G 5 4 0.6 41 2 51 0.07 96.7 3 17.5 5.0
H 9 6 1.0 45 9 63 0.02 98.9 3 16.8 –3.2
I 9 9 2.9 88 23 80 0.40 90.9 20 27.0 7.5
J 9 4 1.9 63 15 79 0.40 91.2 52 21.7 3.5
K 10 8 1.3 73 12 82 0.28 93.3 21 22.8 8.6
L 12 7 0.8 43 3 71 0.05 97.6 4 23.0 4.6
M 12 10 2.1 73 11 75 0.05 98.6 27 17.1 1.6
N 15 5 0.9 49 13 59 0.01 99.5 4 27.3 4.6
O 15 5 1.8 68 26 77 1.02 91.1 90 18.7 9.2
P 16 8 1.2 66 10 59 0.08 97.3 9 19.1 6.5


temp, temperature.
aBased on 15-min average values.


Table 2. Daily averages of twice-daily and hourly
outdoor odor ratings (scale of 0–8).


Mean Twice-daily odor Hourly outdoor odor
odor rating [no.(%)] [no. (%)]


0 563 (38.7) 591 (40.6)
> 0 to < 2 541 (37.2) 581 (39.9)
> 2 to < 5 301 (20.7) 251 (17.2)
≥ 5 51 (3.5) 33 (2.3)
Total 1,456 (100.0) 1,456 (100.0)







twice-daily odor ratings reported at preselected
times of day when participants sat outdoors
for 10 min. Table 5 provides results of bivari-
ate simple linear regression models for each
environmental variable as a predictor of
10-min odor ratings. Odor ratings increased
0.26 ± 0.02 (mean ± SE) for every 10°F
increase in temperature; the t-test value is large
(11.65). Odor ratings increased 0.17 ± 0.02
for every 1-ppb increase in H2S, 0.04 ± 0.02
for a 10-µg/m3 increment in PM10, 0.03 ±
0.01 per 1 µg/m3 of semivolatile PM10, and
0.06 ± 0.02 for a 10% increase in relative
humidity. Average odor at moderate wind
speeds was 1.02. Compared with moderate
wind speeds, odor was higher by 0.43 ± 0.08
at low wind speeds and higher by 0.72 ± 0.15
at high wind speeds. 


Temperature and semivolatile PM10
showed little association with 10-min odor
ratings as main effects in mixed models (data
not shown). Table 6 presents effect parameters
from mixed models with other environmental
variables. The relationship between H2S and
odor was best fit with a random-intercept, ran-
dom-slope model, in which odor increased
0.15 ± 0.05 (mean ± SE) for every 1-ppb
increase in H2S (t-value for H2S = 3.10). 


Because there is a strong main effect for
H2S, we considered odor sensitivity as a
modifier of its association with odor. H2S was
positively related to odor among participants
with detection thresholds of ≤ 160 ppm
(0.17 ± 0.06/1 ppb, mean ± SE), but not
among participants with thresholds of
≥ 320 ppm (0.02 ± 0.14/1 ppb). 


The relationship between wind speed
and odor was adequately fit with a random-
intercept, fixed-slope model. Parameters for
low and high wind speeds were estimated in
mixed models with medium wind speed as
the referent (Table 6). Average odor was low-
est at medium wind speed (1.23 ± 0.20, mean
± SE). Compared with the odor at medium
wind speed, odor was higher by 0.18 ± 0.07
units at low wind speeds and by 0.38 ± 0.13
units at high wind speeds. 


Relationships between odor, H2S, and
PM10 depended on wind speed (Table 6). A
mixed model with fixed effects for wind speed
and random effects for H2S showed that H2S
and odor were not associated at medium wind
speed (–0.09 ± 0.10/1 ppb, mean ± SE). At
low wind speeds, odor increased 0.28 ±
0.11/1 ppb (t = 2.49), and at high wind speed
there was an increase of 0.77 ± 0.44/1 ppb (t
= 1.75). In contrast, PM10 was associated
with odor at high wind speeds (0.45 ±
0.14/10 µg/m3; t = 3.14), but not at low or
medium wind speeds.


Activity limitation. On 118 occasions
34 participants reported that they cancelled or
changed an activity because of hog odor.
Typical changes included closing windows,


avoiding sitting in the yard and socializing
with friends, cancelling plans to barbecue, not
putting clothes out to dry, declining exercise
via outdoor walks, not putting up Christmas
lights, not being able to garden or mow the
lawn, not washing the car, or not being able to
sit on the porch. One participant reported on


two occasions that odor made it difficult to
sleep. Whereas in other records this partici-
pant reported 6–8 hr of sleep during the previ-
ous night, on these two occasions he or she
indicated having slept either 0 or 4 hr. The
common theme in these disruptions was the
adverse impact of odor on people’s social and
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Table 3. Duration and strength of reported outdoor odor episodes.


Duration of hourly outdoor odor episode (hr)


1 2 3 4–8 ≥ 9 
Mean odor [no.(%)] [no.(%)] [no.(%)] [no.(%)] [no.(%)] Total


1 to < 2 398 (38.8) 126 (38.5) 30 (18.9) 29 (21.8) 3 (33.3) 586 (35.4)
2 to < 5 462 (45.0) 152 (46.5) 89 (56.0) 76 (57.1) 4 (44.4) 783 (47.3)
≥ 5 167 (16.3) 49 (15.0) 40 (25.2) 28 (21.1) 2 (22.2) 286 (17.3)
Total 1,027 (100.0) 327 (100.0) 159 (100.0) 133 (100.0) 9 (100.0) 1,655 (100.0)


Table 5. Simple linear regression coefficients for environmental predictors of odor.


No. of records Coefficient SE t-Value


Temperature (× 10) 2,772 0.26 0.02 11.42
H2S (ppb) 2,701 0.17 0.02 8.73
PM10 (10 μg/m3) 2,005 0.03 0.02 1.89
Semivolatile PM10 (μg/m3) 2,005 0.03 0.01 2.90
Humidity (10%) 2,772 0.05 0.02 2.91
Low wind 1,617 0.43 0.08 5.73
Medium wind (intercept) 972 1.02 0.06 16.96
High wind 183 0.73 0.15 4.87


Table 4. Butanol odor sensitivity threshold and mean twice-daily odor.


Butanol (ppm) No. of participants No. of twice-daily odor ratings Mean odor


10 18 503 1.51
20 21 575 1.64
40 15 405 1.32
80 14 396 1.08
160 17 479 0.85
320 4 97 1.39
640 5 125 1.25
1,280 1 20 1.55
2,560 1 27 4.89
5,120 1 28 2.07
20,480 1 28 1.00


Figure 1. Time of day and odor. Numbers above the x-axis indicate the number of hourly ratings for that
time point. 
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personal space. There was an association
between activity change and average outdoor
odor intensity during the 12 hr prior to a
diary record, with odor grouped into several
levels (Table 7). Participants noted changes in
activity due to odor from 1.4% of occasions
when average odor was < 1.0 up to 16.2%
when average odor was ≥ 5.0. Estimates from
logistic mixed models with random intercepts
and a fixed slope for odor show a similar rela-
tionship; all model coefficients are substan-
tially larger than their SEs, and t-values are
large. A separate model was estimated for odor
as a continuous variable; the log odds ratio of
activity change for a one-unit increase in odor
is 0.48 ± 0.07, a 62% increase in the odds of
activity change per odor unit (t = 7.17).


Discussion


In the present study 101 participants from
16 neighborhoods in eastern North Carolina
reported on the strength of hog odor inside
and outside their homes for approximately
2 weeks while temperature, humidity, wind
speed, H2S, and PM10 were monitored
nearby. One to 16 swine CAFOs were located
within 2 mi of the monitoring platform in
each neighborhood. Odor was reported out-
side on more than half the study days in
9 neighborhoods. Odor ratings made during
10-min periods of sitting outside twice a day
were associated with weather conditions, H2S,
and PM10. One-third of participants reported
ceasing or changing their activities due to
malodor, and the intensity of odors reported
between diary entries was strongly associated
with these reports. This study indicates that
malodor from swine operations is commonly
present in these communities and that the
odors reported by neighbors are related to
objective environmental measurements. 


Neighborhoods were included in the study
if at least several members were interested in


participating in a 2-week study that required a
3-hr training session and a twice-daily routine
of reporting and measurement. Neither the
neighborhoods nor participants are a represen-
tative or systematic sample of the region. We
relied on local knowledge to select neighbor-
hoods where hog odor had been reported to
community organizers and where individuals
might be interested in participating. However,
there are > 2,000 swine CAFOs in the region,
and we had no way to identify those CAFOs
with higher releases of odorant chemicals.
Although it is unlikely that neighborhoods
with the highest exposures were included in
this study, neighborhoods with no odor prob-
lems, if they exist, would not have been
included either. Pollution levels and odor
strength in this study may also have been
affected by actions taken by operators of swine
CAFOs near the study sites; participants in
several neighborhoods reported cessation or
relocation of hog waste sprayers, as well as
reduced odor, during their period of study
participation.


Other analyses indicated that the com-
pleteness and consistency of data in this study
were high (Schinasi 2007). Participants
reported twice-daily odor ratings in 94% of
2,949 total journal entries and at least one such
rating on 97% of 1,495 study days. On the
1,456 study days with at least one twice-daily
odor rating, the mean and median percentages
of hours of the day for which hourly odor rat-
ings were provided were 96% and 100%,
respectively. On 95% of study days, partici-
pants reported information on whether hog
odor had altered their daily activities. 


We evaluated the hypothetical possibility
that, due to their access to the H2S monitor,
odor ratings of 12 study participants who
were asked to check for malfunctions with the
environmental monitoring equipment could
have been influenced by the value on the dis-
play screen; in this case the relationship
between H2S and odor might be over-
estimated. We refit the random-intercept,
random-slope model for H2S and odor
excluding these 12 participants; the β coeffi-
cient and its SE rounded to the same values
reported in Table 6. 


Although the structured reporting of
odor by neighbors of swine CAFOs is a
strength of our study, the frequency, duration,


and intensity of reported hog odor episodes
must be interpreted in the context of partici-
pants’ daily activity patterns. Participants
reported being indoors at home 30.0%, out-
doors at home 17.1%, away from home
25.5%, and sleeping 27.4% of hours in the
study. The large proportion of time spent
indoors and away from home limits informa-
tion on outdoor odor episodes. The duration
of outdoor odor episodes is also truncated by
going indoors or away from home to avoid
odor; this may contribute to the shorter dura-
tion of reported outdoor hourly odor episodes
(62.1% lasted 1 hr) compared with indoor
hourly odor (46.6% lasted 1 hr). 


With the exception of PM10 in higher
wind conditions, temperature, PM10, and
semivolatile PM10 were correlated with hog
odor ratings only if the within-person,
between-person, and between-neighborhood
structure of the data was ignored. This might
reflect the lack of seasonal variation of these
variables within neighborhoods sampled for
only about 2 weeks, which is a limitation of
the study design. H2S, in contrast, was
strongly related to odor in mixed models.
Unlike the weather variables, H2S levels var-
ied markedly within neighborhoods. In a
recent chamber experiment, naïve volunteers
exposed to swine CAFO air with a 24 ppb
concentration of H2S reported an average
odor of 5.29 on a 0–8 scale (Schiffman et al.
2005). The predicted odor at 24 ppb in the
present study, based on the linear regression
function from Table 4 [odor = 1.25 + 0.17 ×
H2S (ppb)] produces a similar value of 5.33. 


In theory, a stronger relationship between
odor ratings and the concentration of odorant
compounds should have been observed
among people with a better sense of smell.
We considered butanol detection threshold as
a modifier of the H2S effect because, unlike
PM10, it was strongly associated with odor
even without taking into account the modify-
ing effect of wind speed. The observation that
this association was restricted to people with
detection thresholds < 320 ppm suggests that
this simple threshold test distinguishes a sub-
group of participants (87.8%) who are more
responsive to H2S.


The microbalance produced many negative
values for semivolatile PM10, indicating large
measurement error relative to the semivolatile
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Table 6. Mixed-model coefficients for environmental
predictors of odor.


Effect SE t-Value


Wind speeda,b


Low 0.18 0.07 2.62
Medium (intercept) 1.23 0.20 6.03
High 0.38 0.13 2.91


Relative humidity ≥ 50% 0.29 0.11 2.59
H2S (ppb)c 0.15 0.05 3.10
H2S × wind speedd


Low 0.28 0.11 2.49
Medium –0.09 0.10 –0.83
High 0.77 0.44 1.75


PM10 (10 μg/m3) × wind speede


Low –0.01 0.05 –0.23
Medium 0.00 0.02 0.25
High 0.45 0.14 3.14


aRandom-intercept, fixed-slope model. bLow, ≤ 0.57 mph;
0.57 < medium ≤ 6.75; high, > 6.75. cRandom intercepts,
random slopes. dRandom intercept, random slope for H2S,
random intecept, fixed slope for wind. eRandom intercept,
fixed slope for wind and PM10.


Table 7. Reports of change in activities due to odor in relation to average odor during the previous 12 hr.


No. of Percentage of
changes in times with change


12-hr average activity reports in activity Rate ratio Loge odds ratioa SE t-Value


Odor < 1 22 1.4 1.0 Referent — —
1 ≤ odor < 2 23 5.1 3.6 1.32 0.38 3.46
2 ≤ odor < 3 19 7.1 5.0 1.56 0.40 3.93
3 ≤ odor < 5 30 11.0 7.7 2.12 0.39 5.46
Odor ≥ 5 24 16.2 11.3 2.78 0.43 6.39


a From mixed model with random intercepts and fixed slope for odor terms.







particle signal. This reduced the power of the
study to detect associations between reported
odor and semivolatile compounds in particle
phase, including ammonia, an important odor-
ant chemical emitted by swine CAFOs (Lim
et al. 2003; Reynolds et al. 1997; Wilson and
Serre 2007). We did not have the capacity to
directly measure ammonia or other odorant
compounds for this study. 


The presence of air pollution from swine
CAFOs in neighboring communities depends
on wind direction and speed. We did not
evaluate wind direction because there were at
least several CAFOs in different directions
near most neighborhoods in the study. Wind
speed was related to odor and was also a
modifier of relationships between air pollu-
tion levels and the strength of odors reported
by neighbors. Although odor was highest at
high wind speeds, mean H2S levels were low-
est at high wind speeds (0.05 ppb) compared
with medium (0.09 ppb) and low (0.45 ppb)
wind speeds. H2S was strongly related to odor
at low wind speeds (0.28 ± 0.11/1 ppb).
Although the point estimate of the odor–H2S
relationship at high wind speeds was very
large (0.77), its SE was also large (0.44),
reflecting the limited range of H2S values and
smaller sample size at higher wind speeds. 


In contrast, PM10 was related to odor in
mixed models only during periods of higher
wind speed. This observation is consistent with
the greater capacity of stronger winds to trans-
port PM, and provides evidence that organic
dusts from swine CAFOs may be inhaled by
CAFO neighbors during higher wind condi-
tions. Although PM10 is associated with a vari-
ety of health outcomes, most studies have been
conducted among populations where the com-
position of PM is largely affected by combus-
tion by-products and urban dusts. Although
PM from animal dander, dried feces, feed,
pharmaceuticals, and endotoxin is known to
affect occupational health of workers in swine
confinement buildings (Donham 1990, 1993;
Donham et al. 1995, 2000), its effect at lower
levels and among nonworker populations is
poorly understood.


Among the 98 participants who answered
questions about residential history, 76 grew
up on farms where they had experience with
animal odors, and 82 had lived in their homes
for > 5 years. Thus, adaptation and loss of
sensitivity to malodors from swine operations
could have occurred. On the other hand, the
study protocol prompted participants to pay
attention to swine odors, thus, physiologic
adaptation or reduced attention to odor as a
means of coping may have been offset by the
odor-reporting protocol. In considering the
effects of odor, it is important to note that
adaptation occurs most readily when there is
little variation in the concentration of odorant
chemicals, whereas swine odors are transient.


Like other environmental agents that act as
stressors, unpredictable acute odor episodes
may cause more of a stress response in suscep-
tible persons than nonepisodic stressors. 


The health significance of malodorous
compounds is due, in part, to diseases related to
pollutants such as PM that would occur even
among persons with no sense of smell.
However, malodor also should be considered in
the context of scientific interest in end points
that are not specific diseases. For example, bio-
logical markers of exposure to or effects of toxi-
cants, genetic markers of susceptibility, and
physiologic states associated with increased risk
of disease are widely recognized as relevant to
understanding and improving environmental
health, even though they are not specific dis-
eases. Similarly, environmental malodor is an
important subject for inquiry, not only because
it may be involved in causation of specific dis-
eases but because of its potential to affect
health, considered as not merely the absence of
disease, but as a state of physical, mental, and
social well-being (World Health Organization
2002). Environmental malodors may be mark-
ers of agents that can produce inflammatory,
immunologic, infectious, or toxicologic
responses; additionally, they may affect physi-
cal, mental, and social well-being due to their
psychological and cultural meaning (Schiffman
et al. 2000). Odors that are viewed as unpleas-
ant, embarrassing, or sickening may interfere
with mood, beneficial uses of property, and
social activities that are central to quality of life. 


We found that average odor over a 12-hr
period relates strongly to changes in activities
because of hog odor. Both reports of activity
limitations and the three reported episodes of
indoor odor that occurred during the middle
of time periods of sleep suggest that odor
interrupted participants’ sleep in the middle of
the night. Other studies have shown that the
odor of feces and urine from liquid waste
management systems can negatively impact
neighbors’ quality of life. Among a subsample
of participants in the present study, odor was
found to be related to levels of stress reported
in daily diaries (Horton 2007). However,
numerical relationships between hog odor and
disrupted activity are insufficient to capture
the full impacts of quality of life disruptions.
Ethnographic interviews conducted with a
subsample of study participants demonstrate
that malodor, when present, limited many
daily physical and social activities that have
been shown to reduce stress and promote
health (Tajik et al. 2008). Even when odor is
not present, anticipation of the potential
impact of irregular and unpredictable odor
events may create stress and anxiety about
daily routines and about social events that
could cause embarrassment if odor occurs
when relatives, friends, or out-of-town guests
are present (Tajik et al. 2008). 


Previous studies indicate that North
Carolina swine CAFOs are located dispropor-
tionately in low-income communities of color
(Edwards and Ladd 2000; Ladd and Edwards
2000; Wing et al. 2000). These communities
may be more adversely affected by CAFOs
because of their limited resources, higher dis-
ease rates, poor food supplies, poor housing,
and unprotected sources of groundwater for
drinking. Lower levels of formal schooling and
less access to legal and political resources make
it more difficult for such communities to bring
about more protective environmental policies
and enforcement. The present study adds to a
growing body of literature suggesting that mal-
odor from swine CAFOs, and the physical and
chemical agents with which it is associated,
have the potential to negatively impact public
health, especially in communities that are
already vulnerable (Donham et al. 2007).
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Research


There is a long history of medical interest in
the health impacts of environmental malodor,
from Hippocrates to William Farr, England’s
first Registrar General. In recent decades, sci-
entific consideration of the health conse-
quences of malodors has increased in the
context of residential exposures to malodors
from municipal solid waste landfills; waste-
water treatment; land application of treated
sewage sludge; industrialized animal opera-
tions; and the production, storage, and trans-
port of industrial chemicals (Schiffman et al.
2000). Environmental malodors may prompt
reports of annoyance, worry, and physical
symptoms (Shusterman 2001). The extent to
which malodor is an aesthetic issue versus a
threat to health is a subject of scientific investi-
gation and litigation that has important impli-
cations for environmental regulation, public
health, and environmental justice (Thu 1998). 


Odorant compounds can affect human
health via several mechanisms (Schiffman
et al. 2000; Shusterman 1992). First, at con-
centrations high enough to stimulate the
trigeminal nerve, odorant chemicals may pro-
duce irritation of the eyes, nose, and throat, or
other toxicologic effects. In this case, the toxi-
cologic properties of the odorous molecules,
rather than odor, produce symptoms. Second,
via innate aversion, conditioning, or stress
responses, odorant compounds can induce


symptoms such as nausea, vomiting, headaches,
stress, negative mood, and a stinging sensation
at concentrations higher than the olfactory
nerve threshold but below the trigeminal nerve
threshold (Schiffman 1998; Schiffman et al.
2000; Shusterman 1992, 2001; Shusterman
et al. 1991). Third, symptoms occurring in
response to odorant mixtures may be due to a
nonodorant component such as endotoxin,
which can induce inflammation and airflow
obstruction (Kline et al. 1999). 


Odors may be quantified in natural set-
tings or by laboratory analysis of ambient air
samples using trained odor panels, scentome-
ters, olfactometers, or electronic noses
(Schiffman et al. 2001, 2005); however, tran-
sient and unpredictable odors are difficult to
quantify. Although spontaneous reports of
malodor may be quantified (e.g., Aitken and
Okun 1992; Drew et al. 2007), this approach
mixes variation in odor with variation in peo-
ple’s propensities to report odors and the lim-
ited availability of public agencies or
researchers to track reports.


Research on malodors from concentrated
animal feeding operations (CAFOs) and
the consequences of these malodors for the
health and quality of life of nearby neighbors
has increased with expansion of industrial
animal agriculture. Recent studies report that
CAFO neighbors experience elevated levels of


gastrointestinal and respiratory tract symp-
toms (Thu et al. 1997; Wing and Wolf
2000), wheezing and asthma (Merchant et al.
2005; Mirabelli et al. 2006; Radon et al.
2007), and decreased secretion of salivary IgA
during episodes of high odor (Avery et al.
2004). Research on malodor is of interest in
the context of broader impacts of industrial
livestock production on energy use, diet, air
and water pollution, and occupational health
and safety (Donham et al. 2007; Thu 2002).


The purpose of this study was to quantify
the reports of hog odors made by neighbors of
swine CAFOs. To address a common limita-
tion of research into connections between
odor and health based on self-report without
objective measures, we measured hydrogen
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BACKGROUND: Odors can affect health and quality of life. Industrialized animal agriculture creates
odorant compounds that are components of a mixture of agents that could trigger symptoms
reported by neighbors of livestock operations. 


OBJECTIVE: We quantified swine odor episodes reported by neighbors and the relationships of these
episodes with environmental measurements. 


METHODS: Between September 2003 and September 2005, 101 nonsmoking volunteers living
within 1.5 mi of industrial swine operations in 16 neighborhoods in eastern North Carolina com-
pleted twice-daily odor diaries for approximately 2 weeks. Meteorological conditions, hydrogen sul-
fide, and particulate matter ≤ 10 µm in aerodynamic diameter (PM10) were monitored in each
neighborhood. We used mixed models to partition odor variance within and between people and
between neighborhoods, and to quantify relationships between environmental factors and odor. 


RESULTS: Participants reported 1,655 episodes of swine odor. In nine neighborhoods, odor was
reported on more than half of study-days. Odor ratings were related to temperature, PM10, and
semivolatile PM10 in standard but not mixed models. In mixed models, odor increased 0.15 ± 0.05
units (mean ± SE) for a 1-ppb increase in H2S, and 0.45 ± 0.14 units for a 10-µg/m3 increase in
PM10 at wind speeds > 6.75 miles per hour. The odds of reporting a change in daily activities due to
odor increased 62% for each unit increase in average odor during the prior 12 hr (t-value = 7.17).


CONCLUSIONS: This study indicates that malodor from swine operations is commonly present in
these communities and that the odors reported by neighbors are related to objective environmental
measurements and interruption of activities of daily life.


KEY WORDS: agriculture, air pollution, community-based participatory research, environmental
justice, epidemiology, quality of life, rural health. Environ Health Perspect 116:1362–1368 (2008).
doi:10.1289/ehp.11250 available via http://dx.doi.org/ [Online 5 June 2008]







sulfide, a product of anaerobic decomposition
of hog waste, and particulate matter ≤ 10 µm
in aerodynamic diameter (PM10), which can
transport odorant chemicals (Bottcher 2001);
at the same time participants rated the
strength of hog odor. Swine CAFOs are
located disproportionately in low-income
communities of color (Wilson et al. 2002;
Wing et al. 2000), where fear of reprisals and
community discord may discourage residents
from reporting malodors and health concerns
to health or environmental officials (Wing
2002), thus limiting the possibility of obtain-
ing data about odor from public records. The
Community Health Effects of Industrial Hog
Operations study used community-based par-
ticipatory research methods to increase the
completeness and quality of data collection
while promoting community organizing for
environmental justice (Wing et al. 2008). 


Materials and Methods


Setting and data collection. From September
2003 through September 2005 we collected
data in eastern North Carolina, an area with
one of the world’s highest densities of swine
production. Volunteers were recruited through
community-based organizations. Nonsmoking
adults ≥ 18 years of age who lived within
1.5 mi of at least one swine CAFO and had a
freezer in their home (for storage of saliva sam-
ples) were eligible to be enrolled. Participants
in each neighborhood attended a structured
training session at which they practiced data-
collection activities. Odor sensitivity threshold
was evaluated by asking participants to choose
which of two vials had an odor; one vial con-
tained distilled water and the other contained
butanol. Participants were presented up to
12 pairs of vials in series. The concentration of
butanol increased 2-fold with each successive
pair, beginning with 10 ppm. We defined
odor sensitivity as the lowest concentration of
a series of five correct choices. 


Twice daily for 2 weeks (three neighbor-
hoods chose to continue up to 7 additional
days) participants sat outside their homes for
10 min at times agreed upon during the train-
ing session, usually morning and evening.
They used a structured diary to report the
strength of hog odor and information about
health and quality of life. During their 10 min
outside, participants were asked to recall the
strength of hog odor inside at home, outside
at home, and away from home for each hour
of the day since their last diary entry. In this
study we examined the ratings of hourly out-
door odor as well as hourly indoor odor
reported in this portion of the diary.
Participants also rated the current strength of
hog odor at the end of the 10-min period. We
analyzed these twice-daily odor ratings, which
were made in the same locations at preselected
times of day, in relation to odor sensitivity and


environmental variables. Odor was rated on a
9-point scale from 0 (none) to 8 (very strong).
Participants also indicated whether they had
changed activities or decided not to do some-
thing because of hog odor.


We placed a small farm trailer with air
monitoring equipment in each neighborhood.
Locations were chosen to be as inconspicuous
as possible but free from trees or structures
that could affect air flow. We used a tapered
element oscillating microbalance ambient par-
ticulate monitor Series 1400a with a Series
8500 filter dynamics measurement system
(Rupprecht and Patashnick Co, Inc., East
Greenbush, NY) to record hourly values of
PM10 and semivolatile PM10. Semivolatile par-
ticles are composed of compounds that simul-
taneously have meaningful concentrations in
both vapor and condensed phases. PM10 values
were updated every 6 min. An MDA Scientific
single point monitor (Zellweger Analytics, Inc.,
North America, Lincolnshire, IL) provided
concentrations of H2S (parts per billion) aver-
aged over 15-min intervals. Temperature,
humidity, wind speed, and wind direction
were recorded every 10 min with a Vantage
Pro Weather Station (Davis Instruments,
Hayward, CA), and every 30 min with a
Young Model 05103VM-42 Wind Monitor
(R.M. Young Company, Traverse City, MI).
The Davis wind speed data were more com-
plete, but the instrument was less sensitive,
with values about 2 mi/hr (mph) lower than
the Young monitor. To fill in missing data
from each machine, values from the two
machines were collectively categorized as low
(≤ 0.57 mph), medium (0.58–6.75 mph), or
high (> 6.75 mph). In four communities, data
were missing for both weather instruments for
some periods. In these cases, which comprise
about three percent of total records, data were
obtained from the nearest airport weather sta-
tion, which was about 4.5 mi away for three
communities and 18.5 mi away in one. 


In each neighborhood a local “community
monitor” was shown how to check the opera-
tion status of the monitoring equipment and
was asked to call research staff on a toll-free
line to report any outage or error message. In
12 neighborhoods a study participant served
in this capacity.


We calculated the number of swine
CAFOs within 2 mi of the monitoring plat-
form using latitude and longitude coordinates
derived from online satellite imagery and oper-
ating permits issued by the North Carolina
Division of Water Quality (Raleigh, NC).
Although we used 1.5 mi as the criterion for
study elgibility, we counted operations within
2 mi because a) odor reports are made from
that far away; b) that distance has been used in
previous research (Thu et al. 1997; Wing and
Wolf 2000); and c) excess wheezing symptoms
have been reported as far as 3 mi from swine


CAFOs (Mirabelli et al. 2006). Coordinates
for the monitoring trailer and each partici-
pant’s home were determined using a hand-
held global positioning system device.


Following input and approval from the
Community Research Advisory Board of the
Concerned Citizens of Tillery (Tillery, NC)
the study protocol and survey instruments
were approved by the University of North
Carolina’s Institutional Review Board for
research involving human subjects, which fol-
lows national and international standards. All
participants gave informed consent. We
obtained a Certificate of Confidentiality from
the National Institutes of Health because of
legal measures taken by the North Carolina
Pork Council to obtain identifiable participant
information from a prior study (Wing 2002). 


Statistical analysis. We evaluated relation-
ships between environmental measurements
and twice-daily odor by stratification, stan-
dard linear regression, and linear mixed mod-
els. We chose the measure of twice-daily odor
for these analyses because these odor ratings
were provided in real time and at preselected
periods, and therefore should be less suscepti-
ble to recall bias than ratings of hourly odor
since the previous diary entry. The sample
sizes for these analyses varied based on the
numbers of missing values for environmental
measurements. Although hog-odor ratings
were highly right-skewed, the number of
observations was adequate to produce normal
sampling distributions for the regression coef-
ficients (Lumley et al. 2002); therefore,
untransformed odor was considered as a con-
tinuous dependent variable in our linear
regression models. Hourly average H2S, tem-
perature, humidity, and wind speed for hours
centered at the time of sitting outside were
considered as predictors of odor. We consid-
ered H2S levels for hours when all measure-
ments were below the detection limit of
2 ppb to be zero.


Mixed models with twice-daily odor as the
dependent variable and environmental meas-
ures as independent variables were fit using the
SAS MIXED procedure (SAS Institute Inc.,
Cary, NC) to account for variance within peo-
ple, between people, and between neighbor-
hoods. We compared Akaike information
criterion (AIC) statistics for fixed-slope and ran-
dom-slope models and chose models with lower
AIC statistics for presentation. We fit models
with intercepts when the only predictor of odor
is coded as an indicator variable, providing a
test of the difference between the omitted cate-
gory and the other category or categories. For
models with the interaction of a variable coded
as continuous and one coded as an indicator,
we fit models with no intercept to provide an
estimate of the effect of the continuous variable,
its SE, and a test of difference from zero, at each
level of the indicator variable. 
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We used mixed logistic regression for
analyses of activity limitation as the dependent
variable. Average hourly outdoor odor since
the previous diary entry was the independent
variable. Models were fitted using the SAS
GLIMMIX procedure. Random intercepts
and fixed effects of average odor ratings of 1 to
< 2, 2 to < 3, 3 to < 5, and ≥ 5 compared with
no odor were estimated as predictors of activ-
ity limitation due to odor, coded as a 0/1 vari-
able. A model was also fit with average hourly
odor as a continuous variable.


SEs of regression coefficients are presented
as measures of precision in order to reduce the
probabilistic interpretations implied by the use
of confidence intervals. For the same reason,
we assessed contributions of predictors to the
fit of models by t-tests instead of p-values
because this is not a randomized study
(Greenland 1990).


Results


Neighborhood and participant characteristics.
A total of 102 volunteers from 16 neighbor-
hoods enrolled in the study. One person who
had difficulty with the study protocol was
excluded from analyses. Analyses here include
84 people who collected data for 2 weeks,
15 (from three neighborhoods) who chose to
continue an additional 4–7 days, and 2 who
stopped before 2 weeks. Sixty-six women and
35 men participated. Age ranged from 19 to
89 years, with a mean age of 53. Eighty-four
participants identified themselves as black,
15 as white, one as black/Native American,
and one as Latino.


Characteristics of study neighborhoods,
labeled A–P, are given in Table 1. Two neigh-
borhoods had one swine CAFO within 2 mi of
the monitoring trailer, and six neighborhoods
had ≥ 10 within 2 mi. Approximately two-
thirds of participants lived in neighborhoods
within 2 mi of ≥ 5 swine CAFOs. In nine
neighborhoods, participants reported outdoor


swine odor on more than half the study days.
Mean temperature on study days ranged from
47°F in neighborhood A to 82°F in neighbor-
hood K; no neighborhoods participated dur-
ing January. Mean H2S was 0.004 ppb in
neighborhood E, where 99.8% of readings
were below the detection limit (2 ppb).
Neighborhoods O and C had the highest mean
values, 1.02 and 1.48 ppb, respectively, and
the highest values recorded in neighborhood O
were at the upper limit of detection, 90 ppb.
Average PM10 varied from 10.8 µg/m3 in
neighborhood A to 28.7 µg/m3 in neighbor-
hoods C and E, whereas semivolatile PM10 was
highest (9.2 µg/m3) in neighborhood O and
lowest in H (–3.2 µg/m3), indicating the high
degree of measurement error when using
the microbalance to characterize semivolatile
particle levels over short time periods.


Frequency, magnitude, and duration of
odor episodes. We calculated the average daily
odor that participants reported following the
twice-daily preselected 10-min periods of sit-
ting outdoors, as well as the average hourly
outdoor odor reported each day. Study partic-
ipants collected data on 1,495 days, although
twice-daily odor was missing for 39 of these
days. Results for the 1,456 days with twice-
daily odor information are reported here
(Table 2). The average twice-daily odor was
zero for 563 days (38.7%), and > 5 on
51 days (3.5%). Average hourly outdoor odor
was zero for 591 days (40.6%) and > 5 on
33 days (2.3%). Average twice-daily odor was
zero on fewer days than average hourly odor.
This is possible because participants could
report nonzero odor during twice-daily times
sitting outdoors when there was no odor at
other times during the hour.


Reported hourly outdoor odor was highest
in the mornings and evenings and lowest in the
middle of the day and night (Figure 1).
Morning odor was highest around 0300 hours
(mean = 1.7) when 12.2% of ratings were ≥ 5.


Mean hourly odor was 2.1 at 2000 hours, when
19.2% of odor ratings were five or greater. 


Based on hourly outdoor odor ratings,
participants reported 1,655 odor episodes
(Table 3). The duration of an episode is the
number of consecutive hours that swine odor
was reported to be above zero. The majority
of episodes (62.1%) lasted 1 hr, whereas
9 episodes (0.5%) lasted ≥ 9 hr. Average odor
was < 2 for about 39% and > 5 for about
16% of odor episodes lasting 1 or 2 hr.
Average strength was ≥ 5 for > 21% of odor
episodes of ≥ 3 hr. 


Hog odor was reported inside homes on
185 of 1,456 person-days of follow-up
(12.5%). Five hundred episodes of indoor
hourly odor were reported, of which 233
(46.6%) lasted 1 hr, 179 (35.8%) lasted
2–3 hr, and 88 (17.6%) lasted ≥ 4 hr. Three
of the 1-hr indoor odor episodes, rated 3, 6
and 8, were reported in the middle of time
periods when consistent sleep was indicated.


Butanol odor sensitivity threshold was esti-
mated for 98 participants, of whom 39 had a
threshold of 10 or 20 ppm (Table 4). Most
odor ratings were provided by people with
butanol detection thresholds between 10 and
160 ppm. Average reported odor declined
with sensitivity from 20 to 160 ppm. Among
the 12 participants with odor thresholds of
≥ 320 there was not a clear relationship
between odor sensitivity and average odor.


Environmental correlates of odor. Analyses
of environmental correlates were based on the
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Table 1. Characteristics of neighborhoods and CAFOs within 2 mi of the monitoring platform.


Swine Participants Mean Days with any Days with any Mean Mean H2S values Highest Mean Mean semivolatile
Site CAFOs (no.) (no.) 10-min odor odor outdoors (%) odor indoors (%) temp (F) H2S (ppb) < 2 ppb (%) H2S (ppb)a PM10 (μg/m3) PM10 (μg/m3)


A 1 7 0.4 26 2 47 0.01 99.7 4 10.8 1.1
B 1 6 0.7 48 10 50 0.09 97.0 9 13.6 1.8
C 3 5 1.4 70 14 60 1.48 77.1 28 28.7 2.7
D 3 6 0.8 68 9 59 0.41 90.7 20 13.7 1.4
E 4 7 0.5 20 15 77 > 0.00 99.8 2 28.7 5.9
F 4 4 2.7 95 46 77 0.15 94.2 10 28.4 3.9
G 5 4 0.6 41 2 51 0.07 96.7 3 17.5 5.0
H 9 6 1.0 45 9 63 0.02 98.9 3 16.8 –3.2
I 9 9 2.9 88 23 80 0.40 90.9 20 27.0 7.5
J 9 4 1.9 63 15 79 0.40 91.2 52 21.7 3.5
K 10 8 1.3 73 12 82 0.28 93.3 21 22.8 8.6
L 12 7 0.8 43 3 71 0.05 97.6 4 23.0 4.6
M 12 10 2.1 73 11 75 0.05 98.6 27 17.1 1.6
N 15 5 0.9 49 13 59 0.01 99.5 4 27.3 4.6
O 15 5 1.8 68 26 77 1.02 91.1 90 18.7 9.2
P 16 8 1.2 66 10 59 0.08 97.3 9 19.1 6.5


temp, temperature.
aBased on 15-min average values.


Table 2. Daily averages of twice-daily and hourly
outdoor odor ratings (scale of 0–8).


Mean Twice-daily odor Hourly outdoor odor
odor rating [no.(%)] [no. (%)]


0 563 (38.7) 591 (40.6)
> 0 to < 2 541 (37.2) 581 (39.9)
> 2 to < 5 301 (20.7) 251 (17.2)
≥ 5 51 (3.5) 33 (2.3)
Total 1,456 (100.0) 1,456 (100.0)







twice-daily odor ratings reported at preselected
times of day when participants sat outdoors
for 10 min. Table 5 provides results of bivari-
ate simple linear regression models for each
environmental variable as a predictor of
10-min odor ratings. Odor ratings increased
0.26 ± 0.02 (mean ± SE) for every 10°F
increase in temperature; the t-test value is large
(11.65). Odor ratings increased 0.17 ± 0.02
for every 1-ppb increase in H2S, 0.04 ± 0.02
for a 10-µg/m3 increment in PM10, 0.03 ±
0.01 per 1 µg/m3 of semivolatile PM10, and
0.06 ± 0.02 for a 10% increase in relative
humidity. Average odor at moderate wind
speeds was 1.02. Compared with moderate
wind speeds, odor was higher by 0.43 ± 0.08
at low wind speeds and higher by 0.72 ± 0.15
at high wind speeds. 


Temperature and semivolatile PM10
showed little association with 10-min odor
ratings as main effects in mixed models (data
not shown). Table 6 presents effect parameters
from mixed models with other environmental
variables. The relationship between H2S and
odor was best fit with a random-intercept, ran-
dom-slope model, in which odor increased
0.15 ± 0.05 (mean ± SE) for every 1-ppb
increase in H2S (t-value for H2S = 3.10). 


Because there is a strong main effect for
H2S, we considered odor sensitivity as a
modifier of its association with odor. H2S was
positively related to odor among participants
with detection thresholds of ≤ 160 ppm
(0.17 ± 0.06/1 ppb, mean ± SE), but not
among participants with thresholds of
≥ 320 ppm (0.02 ± 0.14/1 ppb). 


The relationship between wind speed
and odor was adequately fit with a random-
intercept, fixed-slope model. Parameters for
low and high wind speeds were estimated in
mixed models with medium wind speed as
the referent (Table 6). Average odor was low-
est at medium wind speed (1.23 ± 0.20, mean
± SE). Compared with the odor at medium
wind speed, odor was higher by 0.18 ± 0.07
units at low wind speeds and by 0.38 ± 0.13
units at high wind speeds. 


Relationships between odor, H2S, and
PM10 depended on wind speed (Table 6). A
mixed model with fixed effects for wind speed
and random effects for H2S showed that H2S
and odor were not associated at medium wind
speed (–0.09 ± 0.10/1 ppb, mean ± SE). At
low wind speeds, odor increased 0.28 ±
0.11/1 ppb (t = 2.49), and at high wind speed
there was an increase of 0.77 ± 0.44/1 ppb (t
= 1.75). In contrast, PM10 was associated
with odor at high wind speeds (0.45 ±
0.14/10 µg/m3; t = 3.14), but not at low or
medium wind speeds.


Activity limitation. On 118 occasions
34 participants reported that they cancelled or
changed an activity because of hog odor.
Typical changes included closing windows,


avoiding sitting in the yard and socializing
with friends, cancelling plans to barbecue, not
putting clothes out to dry, declining exercise
via outdoor walks, not putting up Christmas
lights, not being able to garden or mow the
lawn, not washing the car, or not being able to
sit on the porch. One participant reported on


two occasions that odor made it difficult to
sleep. Whereas in other records this partici-
pant reported 6–8 hr of sleep during the previ-
ous night, on these two occasions he or she
indicated having slept either 0 or 4 hr. The
common theme in these disruptions was the
adverse impact of odor on people’s social and
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Table 3. Duration and strength of reported outdoor odor episodes.


Duration of hourly outdoor odor episode (hr)


1 2 3 4–8 ≥ 9 
Mean odor [no.(%)] [no.(%)] [no.(%)] [no.(%)] [no.(%)] Total


1 to < 2 398 (38.8) 126 (38.5) 30 (18.9) 29 (21.8) 3 (33.3) 586 (35.4)
2 to < 5 462 (45.0) 152 (46.5) 89 (56.0) 76 (57.1) 4 (44.4) 783 (47.3)
≥ 5 167 (16.3) 49 (15.0) 40 (25.2) 28 (21.1) 2 (22.2) 286 (17.3)
Total 1,027 (100.0) 327 (100.0) 159 (100.0) 133 (100.0) 9 (100.0) 1,655 (100.0)


Table 5. Simple linear regression coefficients for environmental predictors of odor.


No. of records Coefficient SE t-Value


Temperature (× 10) 2,772 0.26 0.02 11.42
H2S (ppb) 2,701 0.17 0.02 8.73
PM10 (10 μg/m3) 2,005 0.03 0.02 1.89
Semivolatile PM10 (μg/m3) 2,005 0.03 0.01 2.90
Humidity (10%) 2,772 0.05 0.02 2.91
Low wind 1,617 0.43 0.08 5.73
Medium wind (intercept) 972 1.02 0.06 16.96
High wind 183 0.73 0.15 4.87


Table 4. Butanol odor sensitivity threshold and mean twice-daily odor.


Butanol (ppm) No. of participants No. of twice-daily odor ratings Mean odor


10 18 503 1.51
20 21 575 1.64
40 15 405 1.32
80 14 396 1.08
160 17 479 0.85
320 4 97 1.39
640 5 125 1.25
1,280 1 20 1.55
2,560 1 27 4.89
5,120 1 28 2.07
20,480 1 28 1.00


Figure 1. Time of day and odor. Numbers above the x-axis indicate the number of hourly ratings for that
time point. 
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personal space. There was an association
between activity change and average outdoor
odor intensity during the 12 hr prior to a
diary record, with odor grouped into several
levels (Table 7). Participants noted changes in
activity due to odor from 1.4% of occasions
when average odor was < 1.0 up to 16.2%
when average odor was ≥ 5.0. Estimates from
logistic mixed models with random intercepts
and a fixed slope for odor show a similar rela-
tionship; all model coefficients are substan-
tially larger than their SEs, and t-values are
large. A separate model was estimated for odor
as a continuous variable; the log odds ratio of
activity change for a one-unit increase in odor
is 0.48 ± 0.07, a 62% increase in the odds of
activity change per odor unit (t = 7.17).


Discussion


In the present study 101 participants from
16 neighborhoods in eastern North Carolina
reported on the strength of hog odor inside
and outside their homes for approximately
2 weeks while temperature, humidity, wind
speed, H2S, and PM10 were monitored
nearby. One to 16 swine CAFOs were located
within 2 mi of the monitoring platform in
each neighborhood. Odor was reported out-
side on more than half the study days in
9 neighborhoods. Odor ratings made during
10-min periods of sitting outside twice a day
were associated with weather conditions, H2S,
and PM10. One-third of participants reported
ceasing or changing their activities due to
malodor, and the intensity of odors reported
between diary entries was strongly associated
with these reports. This study indicates that
malodor from swine operations is commonly
present in these communities and that the
odors reported by neighbors are related to
objective environmental measurements. 


Neighborhoods were included in the study
if at least several members were interested in


participating in a 2-week study that required a
3-hr training session and a twice-daily routine
of reporting and measurement. Neither the
neighborhoods nor participants are a represen-
tative or systematic sample of the region. We
relied on local knowledge to select neighbor-
hoods where hog odor had been reported to
community organizers and where individuals
might be interested in participating. However,
there are > 2,000 swine CAFOs in the region,
and we had no way to identify those CAFOs
with higher releases of odorant chemicals.
Although it is unlikely that neighborhoods
with the highest exposures were included in
this study, neighborhoods with no odor prob-
lems, if they exist, would not have been
included either. Pollution levels and odor
strength in this study may also have been
affected by actions taken by operators of swine
CAFOs near the study sites; participants in
several neighborhoods reported cessation or
relocation of hog waste sprayers, as well as
reduced odor, during their period of study
participation.


Other analyses indicated that the com-
pleteness and consistency of data in this study
were high (Schinasi 2007). Participants
reported twice-daily odor ratings in 94% of
2,949 total journal entries and at least one such
rating on 97% of 1,495 study days. On the
1,456 study days with at least one twice-daily
odor rating, the mean and median percentages
of hours of the day for which hourly odor rat-
ings were provided were 96% and 100%,
respectively. On 95% of study days, partici-
pants reported information on whether hog
odor had altered their daily activities. 


We evaluated the hypothetical possibility
that, due to their access to the H2S monitor,
odor ratings of 12 study participants who
were asked to check for malfunctions with the
environmental monitoring equipment could
have been influenced by the value on the dis-
play screen; in this case the relationship
between H2S and odor might be over-
estimated. We refit the random-intercept,
random-slope model for H2S and odor
excluding these 12 participants; the β coeffi-
cient and its SE rounded to the same values
reported in Table 6. 


Although the structured reporting of
odor by neighbors of swine CAFOs is a
strength of our study, the frequency, duration,


and intensity of reported hog odor episodes
must be interpreted in the context of partici-
pants’ daily activity patterns. Participants
reported being indoors at home 30.0%, out-
doors at home 17.1%, away from home
25.5%, and sleeping 27.4% of hours in the
study. The large proportion of time spent
indoors and away from home limits informa-
tion on outdoor odor episodes. The duration
of outdoor odor episodes is also truncated by
going indoors or away from home to avoid
odor; this may contribute to the shorter dura-
tion of reported outdoor hourly odor episodes
(62.1% lasted 1 hr) compared with indoor
hourly odor (46.6% lasted 1 hr). 


With the exception of PM10 in higher
wind conditions, temperature, PM10, and
semivolatile PM10 were correlated with hog
odor ratings only if the within-person,
between-person, and between-neighborhood
structure of the data was ignored. This might
reflect the lack of seasonal variation of these
variables within neighborhoods sampled for
only about 2 weeks, which is a limitation of
the study design. H2S, in contrast, was
strongly related to odor in mixed models.
Unlike the weather variables, H2S levels var-
ied markedly within neighborhoods. In a
recent chamber experiment, naïve volunteers
exposed to swine CAFO air with a 24 ppb
concentration of H2S reported an average
odor of 5.29 on a 0–8 scale (Schiffman et al.
2005). The predicted odor at 24 ppb in the
present study, based on the linear regression
function from Table 4 [odor = 1.25 + 0.17 ×
H2S (ppb)] produces a similar value of 5.33. 


In theory, a stronger relationship between
odor ratings and the concentration of odorant
compounds should have been observed
among people with a better sense of smell.
We considered butanol detection threshold as
a modifier of the H2S effect because, unlike
PM10, it was strongly associated with odor
even without taking into account the modify-
ing effect of wind speed. The observation that
this association was restricted to people with
detection thresholds < 320 ppm suggests that
this simple threshold test distinguishes a sub-
group of participants (87.8%) who are more
responsive to H2S.


The microbalance produced many negative
values for semivolatile PM10, indicating large
measurement error relative to the semivolatile
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Table 6. Mixed-model coefficients for environmental
predictors of odor.


Effect SE t-Value


Wind speeda,b


Low 0.18 0.07 2.62
Medium (intercept) 1.23 0.20 6.03
High 0.38 0.13 2.91


Relative humidity ≥ 50% 0.29 0.11 2.59
H2S (ppb)c 0.15 0.05 3.10
H2S × wind speedd


Low 0.28 0.11 2.49
Medium –0.09 0.10 –0.83
High 0.77 0.44 1.75


PM10 (10 μg/m3) × wind speede


Low –0.01 0.05 –0.23
Medium 0.00 0.02 0.25
High 0.45 0.14 3.14


aRandom-intercept, fixed-slope model. bLow, ≤ 0.57 mph;
0.57 < medium ≤ 6.75; high, > 6.75. cRandom intercepts,
random slopes. dRandom intercept, random slope for H2S,
random intecept, fixed slope for wind. eRandom intercept,
fixed slope for wind and PM10.


Table 7. Reports of change in activities due to odor in relation to average odor during the previous 12 hr.


No. of Percentage of
changes in times with change


12-hr average activity reports in activity Rate ratio Loge odds ratioa SE t-Value


Odor < 1 22 1.4 1.0 Referent — —
1 ≤ odor < 2 23 5.1 3.6 1.32 0.38 3.46
2 ≤ odor < 3 19 7.1 5.0 1.56 0.40 3.93
3 ≤ odor < 5 30 11.0 7.7 2.12 0.39 5.46
Odor ≥ 5 24 16.2 11.3 2.78 0.43 6.39


a From mixed model with random intercepts and fixed slope for odor terms.







particle signal. This reduced the power of the
study to detect associations between reported
odor and semivolatile compounds in particle
phase, including ammonia, an important odor-
ant chemical emitted by swine CAFOs (Lim
et al. 2003; Reynolds et al. 1997; Wilson and
Serre 2007). We did not have the capacity to
directly measure ammonia or other odorant
compounds for this study. 


The presence of air pollution from swine
CAFOs in neighboring communities depends
on wind direction and speed. We did not
evaluate wind direction because there were at
least several CAFOs in different directions
near most neighborhoods in the study. Wind
speed was related to odor and was also a
modifier of relationships between air pollu-
tion levels and the strength of odors reported
by neighbors. Although odor was highest at
high wind speeds, mean H2S levels were low-
est at high wind speeds (0.05 ppb) compared
with medium (0.09 ppb) and low (0.45 ppb)
wind speeds. H2S was strongly related to odor
at low wind speeds (0.28 ± 0.11/1 ppb).
Although the point estimate of the odor–H2S
relationship at high wind speeds was very
large (0.77), its SE was also large (0.44),
reflecting the limited range of H2S values and
smaller sample size at higher wind speeds. 


In contrast, PM10 was related to odor in
mixed models only during periods of higher
wind speed. This observation is consistent with
the greater capacity of stronger winds to trans-
port PM, and provides evidence that organic
dusts from swine CAFOs may be inhaled by
CAFO neighbors during higher wind condi-
tions. Although PM10 is associated with a vari-
ety of health outcomes, most studies have been
conducted among populations where the com-
position of PM is largely affected by combus-
tion by-products and urban dusts. Although
PM from animal dander, dried feces, feed,
pharmaceuticals, and endotoxin is known to
affect occupational health of workers in swine
confinement buildings (Donham 1990, 1993;
Donham et al. 1995, 2000), its effect at lower
levels and among nonworker populations is
poorly understood.


Among the 98 participants who answered
questions about residential history, 76 grew
up on farms where they had experience with
animal odors, and 82 had lived in their homes
for > 5 years. Thus, adaptation and loss of
sensitivity to malodors from swine operations
could have occurred. On the other hand, the
study protocol prompted participants to pay
attention to swine odors, thus, physiologic
adaptation or reduced attention to odor as a
means of coping may have been offset by the
odor-reporting protocol. In considering the
effects of odor, it is important to note that
adaptation occurs most readily when there is
little variation in the concentration of odorant
chemicals, whereas swine odors are transient.


Like other environmental agents that act as
stressors, unpredictable acute odor episodes
may cause more of a stress response in suscep-
tible persons than nonepisodic stressors. 


The health significance of malodorous
compounds is due, in part, to diseases related to
pollutants such as PM that would occur even
among persons with no sense of smell.
However, malodor also should be considered in
the context of scientific interest in end points
that are not specific diseases. For example, bio-
logical markers of exposure to or effects of toxi-
cants, genetic markers of susceptibility, and
physiologic states associated with increased risk
of disease are widely recognized as relevant to
understanding and improving environmental
health, even though they are not specific dis-
eases. Similarly, environmental malodor is an
important subject for inquiry, not only because
it may be involved in causation of specific dis-
eases but because of its potential to affect
health, considered as not merely the absence of
disease, but as a state of physical, mental, and
social well-being (World Health Organization
2002). Environmental malodors may be mark-
ers of agents that can produce inflammatory,
immunologic, infectious, or toxicologic
responses; additionally, they may affect physi-
cal, mental, and social well-being due to their
psychological and cultural meaning (Schiffman
et al. 2000). Odors that are viewed as unpleas-
ant, embarrassing, or sickening may interfere
with mood, beneficial uses of property, and
social activities that are central to quality of life. 


We found that average odor over a 12-hr
period relates strongly to changes in activities
because of hog odor. Both reports of activity
limitations and the three reported episodes of
indoor odor that occurred during the middle
of time periods of sleep suggest that odor
interrupted participants’ sleep in the middle of
the night. Other studies have shown that the
odor of feces and urine from liquid waste
management systems can negatively impact
neighbors’ quality of life. Among a subsample
of participants in the present study, odor was
found to be related to levels of stress reported
in daily diaries (Horton 2007). However,
numerical relationships between hog odor and
disrupted activity are insufficient to capture
the full impacts of quality of life disruptions.
Ethnographic interviews conducted with a
subsample of study participants demonstrate
that malodor, when present, limited many
daily physical and social activities that have
been shown to reduce stress and promote
health (Tajik et al. 2008). Even when odor is
not present, anticipation of the potential
impact of irregular and unpredictable odor
events may create stress and anxiety about
daily routines and about social events that
could cause embarrassment if odor occurs
when relatives, friends, or out-of-town guests
are present (Tajik et al. 2008). 


Previous studies indicate that North
Carolina swine CAFOs are located dispropor-
tionately in low-income communities of color
(Edwards and Ladd 2000; Ladd and Edwards
2000; Wing et al. 2000). These communities
may be more adversely affected by CAFOs
because of their limited resources, higher dis-
ease rates, poor food supplies, poor housing,
and unprotected sources of groundwater for
drinking. Lower levels of formal schooling and
less access to legal and political resources make
it more difficult for such communities to bring
about more protective environmental policies
and enforcement. The present study adds to a
growing body of literature suggesting that mal-
odor from swine CAFOs, and the physical and
chemical agents with which it is associated,
have the potential to negatively impact public
health, especially in communities that are
already vulnerable (Donham et al. 2007).
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• We studied the sanitary quality of surface water proximal to swine CAFOs.
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Swine farming has gone throughmany changes in the last fewdecades, resulting in operationswith a high animal
density known as confined animal feeding operations (CAFOs). These operations produce a large quantity of fecal
wastewhose environmental impacts are notwell understood. The purpose of this studywas to investigatemicro-
bial water quality in surface waters proximal to swine CAFOs including microbial source tracking of fecal mi-
crobes specific to swine. For one year, surface water samples at up- and downstream sites proximal to swine
CAFO lagoon waste land application sites were tested for fecal indicator bacteria (fecal coliforms, Escherichia
coli and Enterococcus) and candidate swine-specific microbial source-tracking (MST) markers (Bacteroidales
Pig-1-Bac, Pig-2-Bac, and Pig-Bac-2, andmethanogen P23-2). Testing of 187 samples showed high fecal indicator
bacteria concentrations at both up- and downstream sites. Overall, 40%, 23%, and 61% of samples exceeded state
and federal recreational water quality guidelines for fecal coliforms, E. coli, and Enterococcus, respectively. Pig-1-
Bac and Pig-2-Bac showed the highest specificity to swine fecal wastes and were 2.47 (95% confidence interval
[CI] = 1.03, 5.94) and 2.30 times (95% CI = 0.90, 5.88) as prevalent proximal down- than proximal upstream
of swine CAFOs, respectively. Pig-1-Bac and Pig-2-Bac were also 2.87 (95% CI = 1.21, 6.80) and 3.36 (95%
CI = 1.34, 8.41) times as prevalent when 48 hour antecedent rainfall was greater than versus less than the
mean, respectively. Results suggest diffuse and overall poor sanitary quality of surface waters where swine
CAFO density is high. Pig-1-Bac and Pig-2-Bac are useful for tracking off-site conveyance of swine fecal wastes
into surface waters proximal to and downstream of swine CAFOs and during rain events.


© 2014 Elsevier B.V. All rights reserved.

1. Introduction


Hog production in theUnited States (US) has shifted fromnumerous
small family farms to fewer large vertically integrated concentrated an-
imal feeding operations (CAFOs) (MacDonald and McBride, 2009;

mental Health Sciences and
School of Public Health, Johns
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Reimer, 2006). In North Carolina (NC) between 1991 and 1998, the
number of swine increased from 3.7 million to over 10 million, placing
NC as the second leading state in US pork production (Edwards and
Ladd, 2000). Since 1998, NC has remained the second leading US pork
producer with recent total hog and pig inventory estimates ranging
mostly between 8 to 9 million (NCDACS, 2012; USDA, 2007, 2012,
2013, 2014). Swine CAFOs are disproportionately located in the eastern
coastal plain region of NC (Wing et al., 2000) and house large numbers
of animals whose waste is collected and stored in open-pits called la-
goons before the liquid waste is sprayed onto agricultural fields.
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According to 2012 county-level estimates of the North Carolina Depart-
ment of Agriculture and Consumer Services, the top five NC hog-
producing counties (Duplin, Sampson, Bladen, Wayne, and Jones) are
contiguous and have a population of over 5.6 million swine (NCDACS,
2012). Government officials, agricultural experts, and neighbors of
swineCAFOs have expressed concern that this scale of swineproduction
and the associated quantity of manure produced in a small area of land
could lead to over-application to agricultural fields and off-site convey-
ance of fecal pollution and contamination of surface waters (USGAO,
2008).


TheNCDepartment of Environment andNatural Resources (NCDENR)
permits swine CAFOs as non-discharge facilities. Swine CAFO permits and
regulations include nutrient management plans for the application of liq-
uidwaste according to agronomic rates of nutrient uptake of crops grown
on the permitted land application spray fields (Edwards and Ladd, 2000;
NCGA, 1995). However, questions remain about whether fecal pollution
fromswineCAFOs inNC canbe conveyed off-site of permitted sprayfields
and whether there are impacts on the sanitary quality of surface waters
proximal to swine CAFOs (Jongbloed and Lenis, 1998; Krapac et al.,
2002; Thurston-Enriquez et al., 2005).


In 2012, Duplin County, NC had an estimated swine population of
2,040,000 and an estimated poultry population (broiler and other
meat-type chickens as well as turkeys) of 88,500,000 (NCDACS, 2012).
Because sources of fecal contamination of surfacewater can be diverse –
with numerous potential animal and human inputs – better tools and
technologies are needed to track species-specific sources of fecalwastes.
Microbial source tracking (MST) methods are designed to improve the
identification of sources of fecal contamination (Boehm et al., 2013;
Dancer et al., 2014; EPA, 2005). Several candidate swine-specific fecal
MST markers have been proposed (Mieszkin et al., 2009; Okabe et al.,
2007; Ufnar et al., 2007) with variable specificity and unresolved
questions about the generalizability of the markers in different geo-
graphic locations (Santo Domingo et al., 2007; Stewart et al., 2013).
Application of the proposed microbial source tracking markers to

Fig. 1. Map of surface water sampling sites proximal to swine conce

help evaluate management practices in agricultural watersheds has
also been limited, although studies in Ontario have used Bacteroidales
markers to assess livestock exclusion practices (Wilkes et al., 2013)
and to compare tile drainage management techniques (Wilkes et al.,
2014). Determining whether candidate swine-specific fecal MST
markers can be detected in environmental waters in NC, an area with
high swine density, is important to assess whether these markers
could be useful tools to evaluate and implement best management
practices (BMPs).


In this study we aimed to evaluate the impact of swine CAFO liquid
waste land application on the sanitary quality of proximal surface
waters in NC. The study's specific objectives were to estimate concen-
trations of fecal indicator bacteria (fecal coliforms, Escherichia coli, and
Enterococcus) in surface waters proximal to swine CAFO liquid waste
land application spray fields and to field test candidate MST markers
of swine fecal wastes in surface water samples proximal to swine
CAFO liquid waste land application sites.


2. Methods


2.1. Study location


Sampling was conducted in the coastal plain region of eastern NC
where there is a high density of swine, chicken, and turkey CAFOs as
well as beef cattle on pasture. Swine CAFOs typically use liquid waste
management systems (lagoons and spray fields), whereasmost poultry
CAFOs in the area use dry litter waste management systems in which
waste-laden litter is applied to fields. Many rural homes in the area
use septic systems for sewage disposal. Sampling locations were select-
ed proximal upstream and proximal downstream of three swine CAFO
liquid waste land application fields (Sites 1–3), where streams could
be sampled from a public right-of-way. We use the letters A and B to
denote proximal upstreamand proximal downstream locations, respec-
tively, at each swine CAFO surface water sampling site; however, “A”

ntrated animal feeding operation spray fields, North Carolina.
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sampling locations were proximal and downstream of numerous other
swine CAFOs.We could not identify accessible sampling locations in the
study watersheds where there were no upstream swine CAFOs.


2.2. Sample collection


A total of 187 surfacewater samples were collected via weekly sam-
pling for six months (from mid-February to mid-August 2010) and
monthly sampling (from mid-September 2010 to mid-January 2011)
to capture seasonal trends. Surface water samples were collected from
public access waters proximal to swine CAFO liquid waste land applica-
tion sites (Fig. 1). Seventy six sampleswere collected at Site A (proximal
upstream) locations and 109 at Site B (proximal downstream) locations
(2 samples were missing site A/B designations). Sterile 4-liter Nalgene
bottles were used for collection after they were washed and autoclaved
for 15 minutes at 121 °C. Sample bottles were coded so that sample
processors were blinded during laboratory analysis. After collection,
sampleswere transported on ice. All sampleswere analyzed for fecal co-
liform bacteria within 24 hours of sample collection. Known-source
fecal waste samples (swine lagoon, swine wallow-water, swine feces,
and other animal feces) were collected in sterile containers and
transported to the laboratory in coolers on ice for analyses. Rainfall
datawere obtained from a State Climate Office of North Carolinaweath-
er station within 27–47 km of the sampling locations. Hourly incre-
ments of rainfall (inches) were combined to tabulate the cumulative
amount of rain (inches) that fell during the 24 and 48 hours before
sampling.


2.3. Fecal indicator bacteria estimates


Fecal indicator bacteria were quantified using standard membrane
filtration techniques (APHA, 2006). Fecal coliforms were quantified
by membrane filtration using modified fecal coliform (mFC) agar.
Enterococcus were quantified by EPA method 1600 using modified mE
medium (mEI) containing the chromogenic substrate indoxyl-beta-D-
glucoside (EPA, 2009a). E. coli were quantified by EPA method 1603
using modified m-TEC media (EPA, 2009b). Negative controls were
included in each membrane filtration analysis. Samples were filtered
in dilutions to obtain counts in the 30–300 colony forming units
(CFU)/100 mL range. To test reproducibility of fecal indicator bacteria
methods within the laboratory, samples were filtered in duplicate 20%
of the time, or every fifth set of samples. All duplicates were within an
order of magnitude of each other.


2.4. Swine fecal microbial source-tracking (MST) markers


To examine DNA in each surface water sample, 500 mL of water
was filtered using a 0.22 μm Durapore® (Millipore, Billerica, MA)
membrane. Excess filter paper, i.e. paper that was not exposed to
the sample, was cut aseptically and discarded before placing the fil-
ter in a PowerBead tube to extract DNA using the PowerSoil™ DNA
Isolation Kit (MO BIO Laboratories, Inc., Carlsbad, CA) following the
manufacturer's instructions. Similarly, this kit was used to extract
DNA from0.5 g of each known-source fecal samplewith use of provided

Table 1
Fecal coliform, E. coli, and Enterococcus concentrations (CFU/100 mL) in surface waters at A an
Carolina.


Fecal coliforms (CFU/100 mL) E. coli (CFU/10


N Range Geo. mean p-Valuea N Range


All A sites 1–3 76 0.5, 9091 111 76 0.4, 20
All B sites 1–3 76 0.5, 140,000 187 0.09 76 1, 5400
All B sites 4–6 33 10, 117,273 331 – 33 10, 316


Note. Site A = proximal upstream sampling location. Site B = proximal downstream sampling
a T-test statistic from fixed-effects generalized linear regression model to account for repeat

PowerBead tubes, as recommended by the manufacturer. Swine lagoon
and wallow water samples were collected in sterile centrifuge bottles
and 250 mL of liquid were centrifuged at 3000 ×g for 20 minutes. The
supernatant was removed to allow access to the pellet, and 0.5 g of
the pellet was placed into a PowerBead tube. Instead of utilizing the
MO BIO Vortex Adapter tube holder to vortex the PowerBead tubes
for 10 minutes as recommended by the manufacturer, the PowerBead
tubes were vortexed using the high energy Mini-Beadbeater (BioSpec
Products, Bartlesville, OK) for one minute. DNA extractions were stored
at−80 °C and were used for multiple PCR assays.


A series of PCR assays were performed for swine-specific markers.
PCR assays for Pig-1-Bac and Pig-2-Bac were performed using a Qiagen
QuantiTect Probe PCR kit and the Pig-Bac-2 and P23-2 assays were per-
formed using 5 PRIME MasterMix with the appropriate amount of de-
ionized water and primers according to manufacturer's instructions
(Supplemental Table S1). Reactions for Pig-1-Bac and Pig-2-Bac assays
were conducted in duplicate using primers and probes described by
Mieszkin et al. (2009) using a Cepheid Smart Cycler model SC1000-1.
Although Pig-1-Bac and Pig-2-Bac assays were run on a real-time ma-
chine quantitative results are not reported because: (1) a standard
curve was not consistently run so we are not confident reporting quan-
titative results; and (2) we wanted to be consistent in our reporting
across the assays. Reactions for Pig-Bac-2 and P23-2 assays were
performed in duplicate as described by Okabe et al. (2007) and
Ufnar et al. (2007), respectively. Reactions were carried out using
an Eppendorf MasterCycler gradient thermal cycler; then products
were visualized on a 1.5% agarose gel. All assays were performed
with negative controls. An internal amplification control (IAC) for the
P23-2 assay was used as described by Ufnar et al. (2007). This IAC was
also tested to determine the lower limit of detection (10−5 μM). For
the Bacteroidales PCR assays, extracts from a positive lagoon sample
and two pig fecal samples were used as positive controls. The same
samples were consistently used as positive controls, although multiple
extracts were utilized from the samples over the course of the study.


A separate PCR assay using salmon sperm DNA was performed to
test for inhibition in each DNA extract (Haugland et al., 2005). A
known amount of salmon sperm DNA was injected into each DNA ex-
tract as well as a positive control. Duplicate PCRs were performed
using a Qiagen QuantiTect Probe PCR kit in a Cepheid Smart Cycler
model SC1000-1. The sample was considered inhibited if the difference
of cycle threshold (CT) between extract and control was greater than
3.3. If inhibited, the DNA extract was diluted tenfold and tested for inhi-
bition again. Once an extract was considered to not be inhibited, it was
retested for the four swine assays: Pig-1-Bac, Pig-2-Bac, Pig-Bac-2, and
P23-2.


To examine the sensitivity and specificity of the four candidate
swine-specific fecal microbial source-tracking markers, we tested pig
fecal (n = 6), pig wallow water (n = 2), pig waste lagoon (n = 7) as
well as chicken (n = 6), turkey (n = 3), goat (n = 2), cow (n = 4),
horse (n = 1) and human (n = 3) fecal samples collected from sites
in NC. Sensitivity of each of the four candidate swine-specific fecal
microbial source-tracking markers was calculated as the proportion of
known-source swine fecal samples that tested positive for eachmarker.
Specificity was calculated as the proportion of known-source non-

d B sites proximal to swine concentrated animal feeding operation spray fields in North


0 mL) Enterococcus (CFU/100 mL)


Geo. mean p-Valuea N Range Geo. mean p-Valuea


90 78 75 1, 8517 89
106 0.22 75 1, 10,400 103 0.64


7 121 – 33 10, 4267 220 –


location. CFU = colony forming unit.
ed measures at each site.
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swine fecal samples (i.e., chicken, turkey, goat, cow, horse, human) that
tested negative for each marker.

(a) Fecal coliforms


(b) E. coli 


(c) Enterococcus 

2.5. Statistical analysis


Descriptive statistics were calculated for each of the fecal indicator
bacteria estimates in surface water. T-test statistics were estimated
using conditional fixed-effects linear regression models to account
for repeated sampling at each site (Allison, 2005). Estimates of the con-
centration of each fecal indicator bacteria were compared to recom-
mendations set by the North Carolina Department of Environment
and Natural Resources (DENR) Division of Water Quality (DWQ)
“Redbook” (NCDENR, 2007) and the United States Environmental
Protection Agency (EPA) recreational water quality guideline values
(EPA, 2012). We calculated the proportion of samples that exceeded
state (NCDENR, 2007) and federal (EPA, 2012) recreational fresh
water quality guideline values by tabulating the number of samples
greater than 200 CFU/100 mL, 235 CFU/100 mL, and 70 CFU/100 mL
for fecal coliforms, E. coli, and Enterococci, respectively. Exact chi-
square tests were calculated to compare the frequency of exceed-
ance of each water quality criterion by CAFO sampling site and by
B versus A site. Odds ratios (OR) and 95% confidence intervals (CI)
were estimated using conditional fixed-effects logistic regression
models to account for repeated sampling at each site (Allison,
2005).


To quantitatively compare concentrations of fecal indicator bacteria
at A and B locations within Sites 1–3, the mean and 95% confidence in-
terval were calculated for each fecal indicator's pair-wise difference of
Site B minus Site A concentrations by site. A positive mean value indi-
cates that the concentration of fecal indicator bacteria was higher at
the Site B compared to Site A location. A negative mean value indicates
the concentration of a fecal indicator was lower at the B site compared
to the A site at each water sampling location.


The frequency of detection of candidate MSTmarkers was tabulated
across all sites and by site. Exact chi-square tests were calculated to
compare the frequency of detection of candidate MST markers by site.
Fixed effects linear and logistic regressionmodelswere used to estimate
associations between fecal indicator bacteria, presence of swine
markers, and rainfall (Allison, 2005). Cumulative rainfall during the
24 and 48 hours before sample collection was considered in analyses
with fecal indicator bacteria and MSTmarkers as a continuous (inches)
and a binary (Nversus ≤ the mean of cumulative inches of rainfall)
variable.


Because this is not a randomized study, statistical significance
cannot be interpreted as the probability that an observed difference
would occur by chance if there is truly no difference between groups
being compared. However, p-values are presented so that results can
be easily compared with other studies. Fecal indicator bacteria con-
centrations were log10-transformed prior to analysis. All statistical
analyses were performed using SAS version 9.2 (SAS Institute Inc.,
Cary, NC).

Fig. 2. a–c. Boxplot comparison of concentrations (log10 CFU/100 mL) of: (a) fecal
coliforms (b) E. coli and (c) Enterococcus by season for all surface water samples at sites
proximal to swine concentrated animal feeding operation spray fields in North Carolina.
Median line and interquartile range depicted by boxes; range depicted by whiskers;
outliers depicted by circular dots.

3. Results


3.1. Fecal indicator bacteria concentrations in surface waters proximal to
swine CAFOs


The highest maximum concentrations of fecal coliforms, E. coli, and
Enterococci observed were 140,000, 5400 and 10,400 CFU/100 mL,
respectively, andweremeasured at Site B locations (Table 1). In general,
the Site B samples had higher geometricmean andmaximum fecal indi-
cator bacteria values compared to Site A samples (Table 1). The highest
concentrations of fecal indicator bacteria were detected in the spring
and summer months (Fig. 2a-c).

3.2. Exceedance of recreational water quality guideline values proximal to
swine CAFOs


For fecal coliforms, E. coli, and Enterococcus, 74/187 (40%), 43/187
(23%), and 112/185 (61%) of all surface water samples exceeded
the respective recreational water quality guideline values of 200
CFU/100 mL, 235 CFU/100 mL, and 70 CFU/100 mL (Table 2). Across
Sites 1–3, recreational water quality guideline value exceedance
was 1.86 (95% confidence interval (CI) = 0.96, 3.62), 1.73 (95%
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CI = 0.79, 3.78), and 1.49 (95% CI = 0.77, 2.88) times as prevalent at
Site B compared to Site A locations (Table 2). For each of the fecal in-
dicator bacteria, the greatest frequency of exceedance of recreational
water quality guideline values was observed in the summer, followed
by the spring (data not shown).

3.3. Mean pair-wise differences in fecal indicator concentrations


Across Sites 1–3, themeans of the pair-wise differences (Site B value
minus Site A value) for all three fecal indicator bacteria were positive
(greater than the null value of mean equal to zero) (Table 3). The site-
specific pair-wise differences were all positive except for E. coli at Site
3 and Enterococcus at Site 2 (Table 3). These two negative values were
the smallest absolute differences in means observed.

3.4. Swine-specific fecal microbial source trackingmarkers in surface water
proximal to swine CAFOs


The sensitivity of the three Bacteroidales markers Pig-1-Bac, Pig-2-
Bac and Pig-Bac-2was 80%, 87%, and 93%, respectively. Themethanogen
candidate swine-specific marker P23-2 was not detected in any of the
known-source samples (while its internal amplification control was
observed in every reaction). The specificities of Pig-1-Bac, Pig-2-Bac,
and Pig-Bac-2 were 100%, 100%, and 37%, respectively.


The two Bacteroidales markers with 100% specificity for swine fecal
pollution, Pig-1-Bac and Pig-2-Bac, were detected in 17% and 14% of
surface water samples, respectively (Table 4). Pig-1-Bac was present
each time Pig-2-Bac was detected and was also detected in six more
samples than Pig-2-Bac. At sites where both A and B samples were col-
lected (Sites 1–3), the difference in detection frequency at B compared
to A sites was pronounced (Table 4). The odds of detecting the swine-
specific fecal Bacteroidales marker Pig-1-Bac at Site B locations was
2.47 (95% CI = 1.03, 5.94) times the odds at Site A locations (Table 4).
Site 1 demonstrated the most prominent difference in detection
frequency between Site B and Site A (Pig-1-Bac OR = 6.76; 95% CI =
1.12, 40.8). The only instance in which the frequency of detection was
higher at Site A than Site B was at Site 2 for Bacteroidales Pig-Bac-2.
But Pig-Bac-2 was not a specific microbial source tracking marker for
swine fecal waste. At Site 2, the two swine specific fecal Bacteroidales
microbial source-tracking markers (Pig-1-Bac and Pig-2-Bac) were
never detected at the Site A location. The swine-specific Bacteroidales
markers Pig-1-Bac and Pig-2-Bac weremost prominent during thewin-
ter (n=32)months, with a detection frequency of 59% and 53%, respec-
tively (data not shown). Pig-1-Bac and Pig-2-Bac were detected less
frequently (15% and 10%, respectively) during the spring (n = 73)
and were not detected during the summer (n = 62) and fall (n = 17)
(data not shown).

Table 2
Frequency of exceedance of recreationalwater quality guideline values for fecal coliforms, E. coli
spray fields in North Carolina.


Fecal coliforms E. coli


(200 CFU/100 mL)a (235 CFU/10


N exceed/total (%) OR (95% CI)c N exceed/tot


All sites 74/187 (40) – 43/187 (23)
All A sites 1–3 24/76 (32) Ref 13/76 (17)
All B sites 1–3 35/76 (46) 1.86 (0.96, 3.62) 20/76 (26)
All B sites 4–6 15/33 (46) – 10/33 (30)


Note. Site A = proximal upstream sampling location. Site B = proximal downstream sampling
CFU = colony forming unit. Ref = referent category.


a Based on North Carolina Department of Environment and Natural Resources surface water
b Based on 2012 USEPA recreational water quality criteria beach action values (BAV) (EPA, 2
c Odds ratio and 95% confidence interval derived from fixed-effects logistic regression mode

3.5. Relation of rainfall with fecal indicator bacteria and swine-specific fecal
microbial source tracking markers


In the 48 hours preceding sampling, the maximum cumulative
inches of rainfall was 2.94 inches (Table S2). Mean fecal coliform,
E. coli and Enterococcus levels increased as antecedent cumulative rain-
fall increased (Fig. 3; Table S3). Fecal coliforms, E. coli, and Enterococcus
concentrations (log10 CFU/100 mL) increased 0.29 (95% confidence in-
terval [CI] = 0.09, 0.49), 0.45 (95% CI = 0.27, 0.59), and 0.50 (95%
CI = 0.31, 0.69), respectively, for every one-inch increase in cumulative
rainfall in the 48 hours before sample collection, adjusting for season
(Table S3).


Across all sites, the swine-specific fecal microbial source tracking
markers Pig-1-Bac and Pig-2-Bac were detected more frequently
when 48 hour antecedent cumulative rainfall (inches) was greater
than versus less than or equal to themean (Table 5). The odds of detect-
ing Pig-1-Bac during time periods when 48 hour antecedent cumulative
rainfall was greater than the mean were 2.87 times (95% CI = 1.21,
6.80) the odds during time periods when 48 hour antecedent cumula-
tive rainfall was less than or equal to themean (Table 5). Fecal indicator
bacteria concentrationswere not observed to be associated with swine-
specific fecalmicrobial source trackingmarkers Pig-1-Bac and Pig-2-Bac
(data not shown).


4. Discussion


The results of our study suggest an overall diffuse and poormicrobial
quality of surface waters proximal to swine CAFO liquid waste land ap-
plication sites in NC, the second largest hog-producing state in the US.
Fecal indicator bacteria were detected at concentrations that exceeded
federal and state recreational water quality guideline values, with the
highest concentrations observed immediately downstream of swine
CAFO spray fields and in the spring and summer seasons. While some
mean differences in fecal indicator bacteria were detected at Site A
(proximal upstream) and Site B (proximal downstream) surface water
sampling locations (e.g., higher Site B maximum values; positive mean
pair-wise difference values; higher frequency of exceedance of fecal in-
dicator guideline values at Site B compared to Site A locations), fecal in-
dicator bacterial contamination was observed at both A and B locations.


While the study design allowed a comparison of Site A (upstream)
and Site B (downstream) locations proximal to swine CAFO liquid
waste land application sites, it is important to note that the Site A loca-
tions did not represent pristine non-impacted sites. Because the study
sites in eastern NC were located among one of the top hog-dense
counties in the US (Feedstuffs, 2013a,b; USDA, 2007), the Site A (proxi-
mal upstream) locations in our studywere potentially influenced by nu-
merous upstream swine CAFO liquidwaste land application sites aswell
as poultry CAFO dry litter land application sites. Because fecal indicator
bacteria (fecal coliforms, E. coli, Enterococcus) are non-specific indicators

, and Enterococcus at A and B sites proximal to swine concentrated animal feeding operation


Enterococcus


0 mL)b (70 CFU/100 mL)b


al (%) OR (95% CI)c N exceed/total (%) OR (95% CI)c


– 112/185 (61) –


Ref 40/75 (53) Ref
1.73 (0.79, 3.78) 47/75 (63) 1.49 (0.77, 2.88)
– 25/33 (76) –


location. OR = odds ratio. CI = confidence interval.


standards (NCDENR, 2007).
012).
l to account for repeated measures at each site.







Table 3
Mean of pair-wise differences of fecal indicator bacteria concentrations (CFU/100mL) in surface waters at B sites minus A sites proximal to swine concentrated animal feeding operation
spray fields in North Carolina.


Fecal coliforms E. coli Enterococcus


CFU/100 mL CFU/100 mL CFU/100 mL


Na Meanb 95% CI Na Meanb 95% CI Na Meanb 95% CI


All sites 1–3 75 2266 −1180, 5712 75 129 −49, 307 74 89 −103, 281
Site 1 13 384 −357, 1125 13 504 −347, 1355 13 341 −145, 827
Site 2 31 4387 −3886, 12,660 31 117 −83, 317 30 −32 −350, 286
Site 3 31 934 −228, 2096 31 −19 −156, 118 31 99 −177, 375


Note. Site A = proximal upstream sampling location. Site B = proximal downstream sampling location. CI = confidence interval.
a Number of pair-wise samples.
b Mean of the pair-wise differences of concentrations of each fecal indicator bacteria (B sites minus A sites).
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of fecal pollution – reflecting inputs from diverse fecal waste inputs, in-
cluding hog and poultry CAFOs as well as other diffuse sources – this
could account for the elevated levels of fecal indicator bacteria at Site
A (proximal upstream) compared to Site B (proximal downstream)
locations.


Bacteriodales markers Pig-1-Bac and Pig-2-Bac, which were devel-
oped and validated in other regions of the world, were tested against
known-source swine and other animal fecal samples from NC and
both showed a specificity of 100% to known-source swine fecal wastes.
This supports the findings of Mieszkin et al. (2009) who also observed
specificities of 100% for both markers in France. The lower sensitivity
of Pig-1-Bac (80%) and Pig-2-Bac (87%) than observed in France
(98–100%) may be explained by our inclusion of swine wallow
water as a potential source of swine waste, which was not investigated
in the French study (Mieszkin et al., 2009). Exclusion of these swine
wallow water samples (which tested negative) would have resulted
in a higher sensitivity for Pig-1-Bac (92%) and Pig-2-Bac (100%).


This is the first study to examine whether Pig-1-Bac and Pig-2-Bac
would be appropriate as indicators of swine-specific fecal waste run-
off under field conditions at ambient surface water locations proximal
to swine CAFO liquid waste land application sites in NC. The presence
of swine-specific Pig-1-Bac and Pig-2-Bac fecal MST markers off-site in
these surface waters indicates that swine CAFO liquid waste land appli-
cation practices in NC can lead to off-site migration of swine fecal
wastes. Our observation that Pig-1-Bac was 2.47 times as prevalent at
proximal downstream compared to proximal upstream sampling loca-
tions also suggests that fecal wastes from swine CAFO liquid waste
land application sites can negatively influence proximal downstream
surface water quality.


During our study period, themaximum cumulative rainfall 48 hours
antecedent to samplingwas 2.94 inches (Table S2), which is not sugges-
tive of heavy rainfall conditions. The low amount of rainfall during our
study is relevant to the NC regulatory framework because it requires
that animal wastemanagement systems “not cause pollution in thewa-
ters of the State, except as may result because of rainfall from a storm
event more severe than the 25-year, 24-hour storm” (NCGA, 1995).
Neighbors and community groups in NC have observed swine CAFO op-
erators spraying before forecasted rainfall and also during rain events to
avoid an overflow or breach of waste lagoons.

Table 4
Occurrence of two swine-specific fecal Bacteroidalesmicrobial source trackingmarkers in surfac
spray fields in North Carolina.


Pig-1-Bac


N pos./total (%) OR (95% CI)


All sites 31/182 (17) –


All A sites 1–3 10/74 (14) Ref
All B sites 1–3 20/75 (27) 2.47 (1.03, 5
All B sites 4–6 1/33 (3) –


Note. Site A = proximal upstream sampling location. Site B = proximal downstream sampling
a Odds ratio and 95% confidence interval derived from fixed-effects logistic regression mode

Rainfall was strongly associatedwith fecal indicator bacteria concen-
trations in our study – particularly E. coli and Enterococcus – which is
consistentwith a loadingmechanismof increasing fecal indicator bacte-
ria levels in surface waters during rainfall-induced run-off. Future stud-
ies should employ a sampling strategy to capture the effects of rainfall
through targeted sampling at multiple time points during storm events
to characterize the temporal dynamics of fecal pollution loading during
run-off conditions. Future studies should also target specific swine
liquid waste spraying events — i.e., sampling at times during and after
swine liquid lagoon wastes are sprayed onto fields.


Rainfall was strongly associated with the frequency of detection of
Pig-1-Bac and Pig-2-Bac MST markers. Pig-1-Bac and Pig-2-Bac were
detected roughly three times as frequently during periods when cumu-
lative antecedent 48 hour rainfall was greater than versus less than or
equal to mean rainfall. This association between rainfall and swine-
specific MST markers Pig-1-Bac and Pig-2-Bac provides evidence of a
rainfall-induced loading mechanism of swine fecal wastes in surface
waters proximal to and off-site of swine CAFO liquidwaste land applica-
tion sites. However, the sample size was too small to draw conclusions
about rainfall-swineMSTmarker associations at Site B (proximal down-
stream) compared to Site A (proximal upstream) locations.


Concentrations of fecal indicator bacteria and exceedances of
recreational water quality guideline values were not associated
with the presence of swine MSTmarkers (data not shown). Because
fecal indicator bacteria reflect both point and non-point sources of
fecal pollution from warm-blooded animals as well as other non-
fecal sources (e.g., bacterial re-growth in the environment
(Byappanahalli et al., 2006)), it is not surprising that these mea-
sures were observed to be poor predictors of MST markers specific
to swine fecal wastes.


Mieszkin et al. (2009) reported that Pig-2-Bac was a more suitable
marker than Pig-1-Bac because it was detected more frequently in
water samples. Our field assessment in NC slightly contradicts these
findings because we detected Pig-1-Bac in six samples in which Pig-2-
Bac was not detected, while Pig-2-Bac was never detected in the
absence of Pig-1-Bac. Our results suggest that it may be advisable to uti-
lize both markers together, as protocols involving two PCR assays from
the same DNA extract do not involve much additional cost or effort
compared to protocols involving one PCR assay.

e water samples at A and B sites proximal to swine concentrated animal feeding operation


Pig-2-Bac


a N pos./total (%) OR (95% CI)a


25/182 (14) –


8/74 (11) Ref
.94) 16/75 (21) 2.30 (0.90, 5.88)


1/33 (1) –


location. OR = odds ratio. CI = confidence interval.
l to account for repeated measures at each site.
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Fig. 3. Mean fecal indicator bacteria concentrations (log10 CFU/100 mL) by cumulative
amount of rainfall (inches) during the 48 hours prior to sampling at sites proximal to
swine concentrated animal feeding operation spray fields in North Carolina. Error bars
represent the standard error of mean fecal indicator bacteria concentrations.
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It is possible that swine fecal wastes were present in surface water
samples when Pig-1-Bac and Pig-2-Bac were not detected. Sensitivity
below 100% indicates that the MST marker was not detected in all
known-source swine fecal waste samples. Furthermore, the persistence
of these Bacteriodales MST markers (which are based upon anaerobic
bacteria) is not well understood under ambient surface water condi-
tions. A study of the effect of oxygen and temperature on thepersistence
of Pig-1-Bac and Pig-2-Bac reported a one-log reduction of the markers
after eight to ten days in microcosms at 20 °C under aerobic conditions
(Marti et al., 2011).


The seasonal variability of Pig-1-Bac and Pig-2-Bac in this study was
somewhat surprising considering Mieszkin et al. (2009) reported tem-
poral stability of Pig-1-Bac and Pig-2-Bac over a 48-month period. How-
ever, Mieszkin et al. (2009) likely meant that the markers were stable
from year to year, as they did include enough samples to test seasonal
differences. Recent research has established that lower temperatures
result in slower Bacteroidales 16S rRNA gene decay (Bell et al., 2009;
Schulz and Childers, 2011). Because Pig-1-Bac and Pig-2-Bac may per-
sist in colder environments and decaymore rapidly inwarmer environ-
ments, it is possible that they were either absent in the environmental
samples collected in NC during the warmer months, or were present
at levels below the assay detection threshold. Thewarmer temperatures
in NC could explain why these markers were not detected throughout
the year.


This seasonal pattern, where the swine-specific MST markers were
detected more frequently in winter, is in direct contrast to the typical
seasonal pattern observed for fecal indicator bacteria. In this study and
elsewhere (Cha et al., 2010; Tiefenthaler et al., 2009; Wilson et al.,
2007), measures of fecal indicator bacteria in water are typically higher
in warmer (summer) than in colder (winter) months. This marked dif-
ference in seasonal patterns is most likely attributable to the fact that
traditional measures of fecal indicator bacteria are culture-based and
target vegetative bacterial cells accustomed to growing in the warm

Table 5
Relation between occurrence of swine-specific fecal Bacteroidalesmicrobial source tracking ma
lection at sites proximal to swine concentrated animal feeding operation spray fields in North


Pig-1-Bac


N pos./total (%) OR (95


All sites
Cum. rainfall ≤ meanb 16/131 (12) Ref
Cum. rainfall N meanb 15/53 (28) 2.87 (1


Note. OR = odds ratio. CI = confidence interval.
a Odds ratio and 95% confidence interval derived from fixed-effects logistic regression mode
b Stratified by time periods N vs ≤ the mean cumulative inches (0.248) of rainfall in the 48

environment of mammalian guts. Microbial source tracking markers,
on the other hand, typically rely on detection of DNA specific to the
cells of anaerobic bacteria. Both the cells and the DNA degrade more
quickly in warm weather, likely causing lower frequencies of their de-
tection in summer months (Schulz and Childers, 2011). Rainfall,
which was higher during the spring and summer months of our study,
may also contribute to the observed seasonal pattern of Pig-1-Bac and
Pig-2-Bac presence.


The low specificity of Pig-Bac-2 (37%) demonstrates that thismarker
was not useful to distinguish swine from other animal sources of fecal
waste. This marker had a low specificity because it was detected in
chicken, cow, goat, horse, human, and turkey fecal samples. To our
knowledge no other study has investigated the sensitivity and specific-
ity of Pig-Bac-2 since publication of the assay, which included test sam-
ples from humans, cows and swine (Okabe et al., 2007). Lamendella
et al. (2009) also observed a poor specificity of Pig-Bac-1, the other
swine Bacteroidales marker proposed by Okabe et al. (2007), because
it was detected in cattle, human, chicken, raccoon, and horse fecal
samples. Since we did not detect Methanogen P23-2 in any known
source sample (swine or other animal) or in any surface water samples,
it appears to have limited utility for detecting swine waste in surface
water samples in NC.


Several study limitations should be considered. We did not sample
known-source swine fecal wastes from the lagoons of the swine
CAFOs proximal to our selected surface water sampling sites. Future
studies could improve understanding of off-site transport through on-
site sampling of swine CAFOs spray-field run-off and of lagoon waste
in addition to the proximal surface waters. We did not generate quanti-
tative PCR results for Pig-1-Bac and Pig-2-Bac. Although assayswere run
on a real-time PCR machine, materials for a standard curve were not
available and cycle threshold values were not recorded, which re-
stricted analysis of these markers to their presence versus absence.
Due to the high density of swine and other animal CAFOs in the
study area we were unable to sample at un-impacted or pristine up-
stream sites. Future studies should attempt to include such un-
impacted sites and also consider use of additional microbial source
tracking markers to evaluate the relative contribution of swine versus
other animal sources (e.g., chicken, turkey, human) of fecal pollution.


5. Conclusions


Evidence of high concentrations of fecal indicator bacteria and the
presence of swine-specific fecal MSTmarkers in surface waters prox-
imal to swine CAFO liquid waste land application sites is relevant to
evaluating the effectiveness of current technologies and policies for
protecting the sanitary quality of surface waters proximal to swine
CAFOs. These results could inform management decisions about liq-
uid waste disposal practices, particularly landscapes where swine
density is high and that are susceptible to over-land run-off from
rainfall and flooding (e.g., NC coastal plain) (Wing et al., 2002). Use
of swine-specific fecal MST markers Pig-1-Bac and Pig-2-Bac could
help identify surface waters for targeted restoration, and help inform
rules governing permitting, waste management (including storage,

rkers in surface water samples and cumulative rainfall in the 48 hours before sample col-
Carolina.


Pig-2-Bac


% CI)a N pos./total (%) OR (95% CI)a


12/131 (9) Ref
.21, 6.80) 13/53 (25) 3.36 (1.34, 8.41)


l to account for repeated measures at each site.
hours before sample collection.
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treatment, and disposal), and swine stocking density. Future studies
should utilize swine-specific Bacteroidales fecal MST markers as they
appear to represent important tools to advance understanding of im-
pacts on water quality in areas with intensive swine production.
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O'Lone, Mary


From: Marianne Engelman Lado <mengelmanlado@earthjustice.org>
Sent: Thursday, May 26, 2016 12:13 PM
To: Farrell, Ericka; O'Lone, Mary
Cc: Haddix, Elizabeth McLaughlin (emclaugh@email.unc.edu); Ducharme, Brent; Alexis Andiman
Subject: Supplement to the Record, Administrative Complaint 11R-14-R4
Attachments: WINGCV2015Feb12.pdf; WingJohnston-TitleVI-Discriminatory-Impact-2015-10-19-


FINAL.pdf; DECLARATION OF STEVE WING  Final 2015-10-21-signed.pdf; Ex. 2 - Wing 
comments on Gen permit (2013).pdf; Ex. 4 - Wing & Johnston - Industrial Hog Ops. in NC... 
(2014).pdf; Ex. 50 - Wing et al. - Air Pollution and Odor in Communities Near Industrial Swine 
Operations (2008).pdf; Ex. 52 - Wing et al. - Envtl. injustice in NC's hog industry (2000).pdf; 
Ex. 53 - Wing & Wolf - Intensive Livestock Operations, Health & QoL among E. N.C. residents
(2000).pdf; Johnston 2016 AJPH.pdf; Guidry_2016_H2SMiddleSchoolsNearCAFOs.pdf


Dear Mary and Ericka, 
 
This email and attachments are intended both to supplement the record in Administrative Complaint 11R‐14‐R4 filed on 
behalf of North Carolina Environmental Justice Network (NCEJN), Rural Empowerment Association for Community Help 
(REACH) and Waterkeeper Alliance against the North Carolina Department of Environment and Natural Resources, now 
the Department of Environmental Quality (DEQ) and, also, to follow up on the interview conducted by the Office of Civil 
Rights (OCR) on May 11, 2016 with Dr. Jill Johnston.  In addition, I’m pleased to let you know that Dr. Wing is out of 
surgery and has indicated that he would be willing to schedule an interview with OCR.  In order to avoid any confusion 
about materials previously submitted by complainants related to Dr. Wing’s work and expertise, we are attaching Dr. 
Wing’s c.v., the original and updated disparities analyses that he co‐authored with Dr. Johnston, Dr. Wing’s declaration, 
and Exhibits 2, 50, 52 and 53 to the complaint, each of which were authored or co‐authored by Dr. Wing. 
 
With the goal of moving forward in a timely way, I have touched base with Dr. Wing on his availability and am hoping 
that one of the following times might be convenient for you: 
 
Wednesday, June 15, any time between 9 and noon 
Thursday, June 16,  from 3‐5 
 
In follow up to Dr. Johnston’s interview and to supplement the record, attached please find the final published version 
of Guidry, et al., “Hydrogen Sulfide Concentrations at Three Middle Schools Near Industrial Livestock Facilities,” 
published in the Journal of Exposure Science and Environmental Epidemiology (2016), as well as a paper discussed by Dr. 
Johnston during the interview, Johnston, et al., “Wastewater Disposal Wells, Fracking, and Environmental Injustice in 
Southern Texas, published in the American Journal of Public Health (2016) (analyzing racial composition of residents 
living less than 5 kilometers from disposal wells using a similar approach to the disparities analysis conducted by Drs. 
Wing and Johnston and submitted by complainants in this case). 
 
We will send additional material in follow up to the interview by separate cover.  In addition, we understand that you 
had hoped to send Dr. Johnston a list of paragraphs in the complaint that she might review to determine whether the 
characterizations in the complaint are consistent with the findings of the disparities analyses.  We await this follow up as 
well. 
 
Please let me know if this email raises any question.  I look forward to hearing back from you regarding a date and time 
for an interview with Dr. Wing.  We can then also discuss the timing for any additional follow up interview with Dr. 
Johnston. 
 
Thanks again, 
 
Marianne 
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Marianne Engelman Lado 
Senior Staff Attorney 
Earthjustice 
48 Wall Street, 19th Floor 
New York, NY  10005 
T: 212.845.7393 
F: 212.918.1556 
earthjustice.org 
 


 
 
The information contained in this email message may be privileged, confidential and protected from disclosure.  
If you are not the intended recipient, any dissemination, distribution or copying is strictly prohibited.  
If you think that you have received this email message in error, please notify the sender by reply email and  
delete the message and any attachments. 
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December 6,20i3
Via Email


Christine Lawson
NC Division of Water Resources
Animal Feeding Operations Unit
1ó36 Mail Service Center
Raleigh, NoÍh Carolina 27 699-1636
ch¡i stine. I awsonfò:icderr. sov


Re: General Permit AWG100000


Dear Ms. Lawson:


North Carolina's general permits for animal waste management systems at industrial swine operations fail
to protect public health and the environment. As noted below, there is a large body of evidence
documenting the negative health impacts of industrial swine operations, also known as concentrated
animal feeding operations (CAFOs). I These negative consequences result from the use of lagoons and
spray fields to manage animal waste, non-therapeutic use ofantibiotics in swine production, the location
of confinements and animal waste in flood plains, and the disproportionate burden of CAFO pollutants on
communities that are particularly susceptible due to presence of othe¡ environmental exposures and
inadequate access to medical services. North Carolina communities rely on the Department of
Environment and Natural Resources to protect their air, water, and health, and this protection should
apply equally regardless of race and wealth. NC DENR currently fails to meet this responsibility and will
continue to fail unless future permits are altered to reduce off-site pollution and increase transparency
about animal production activities, and regulations are strictly enforced.


L Negative Health Impacts of Swine CAFOs


Swine CAFOs with liquid waste management systems release numerous air pollutants including
particulate matte¡, endotoxin (a respiratory initant and allergen that comes from bacteria), ammonia,
hydrogen sulfide (a toxic gas that comes from decomposing feces), and other malodorous chemicals. The
air pollutants come from barns that house hundreds or thousands ofpigs, from open fecal waste pits, and
from fields where the waste is spread. Several decades'worth ofresearch shows that, due to exposures
inside these facitities, CAFO workers suffer a range of health probiems.2 More recent research indicates
that neighbors of swine CAFOs experience numerous symptoms similar to those seen among workers,


I 
Rather than the strict federal definition we use the tern "CAFO" to refer to large livestock operations that house animals in


confinement.
2 


D. Col", L, Todd, und S. Wing, "Concentrated Swine Feeding Operations and Public Health: A Review ofOccupational and


Cornnrunity Health Effects," Environ Health Perspect 108, no. 8 (2000).
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including initation ofthe eyes, nose and tåroat, respiratory s)¡rnptoms, reduced lung function, and asthma-
related symptoms. Swine CAFO neighbors also suffer from negative mood states and reduced quality of
life. We summa¡ize this research here, emphasizing shrdies conducted in North Carolina.


ln 2000, researchers published a study showing that neighbors of al eastem North Carolina swine CAFO
reported more episodes ofheadache, nmny nose, sore throat, coughing, diarrhea, and buming eyes than
residents of comparison areas with a dairy and no CAFO. Swine CAFO neighbors also reported more
frequent episodes when they could not open their windows or go outside their homes compared to
residents of the comparison areas. 


3


ln 2006, researchers published a study showing that students at North Carolina public middle schools
located within tkee miles of swine CAFOs had more asthma-related s)'rnptoms, more doctor-diagnosed
asthma, and more asthma-related medical visits than students who attended schools further from swine
CAFOs. Children attending middle schools where school staff reported that livestock odor was present
inside the school twice or more per month had a23Yohigher prevalence of wheezing symptoms compared
to children who attended schools where no livestock odor was reported.a Particles and gases released
from swine CAFO liquid waste storage and land application can produce these impacts, which have also
been observed in other states.


More recently, investigators set up monitors to measure levels of air pollutants (airborne particles,
endotoxin and hydrogen sulfide) outside the homes ofeastem North Carolina residents who lived within
I .5 miles of one or more swine CAFOs. While the pollutants were being measured, community members
reported twice daily about their mood and symptoms of illness. They also measured their lung function
and blood pressure, and they reported the strength ofthe swine odor thal they smelled inside and outside
of their homes.


The study demonstraled that concentrations ofCAFO pollutants recorded by the air monitors were
correlated witÍ neighbors' reports of swine odor.5 This finding clearly shows that swine CAFO pollutants
travel into neighboring communities where they are inhaled by residents. When swine odor was stronger,
participants more often reported that their daily life activities were futerrupted and that they felt stressed,
gloomy, a¡gry, and unable to concentrate. Higher levels of hydrogen sulfide and semi-volatile particles
were associated with reports offeeling stressed or annoyed and netvous or anxious.6 Swine CAFO
neighbors report that they have lost some ofthe most treasured parts oftheir rural way oflife, that family
and community gatherings are no longer possible, that they can no longer use their private wells as a
source for drinkin gwater, and that thefu properties have depreciated in value. T


3 
S. Wing and S. Woll "Intensive Livestock Operations, Health, and Quality ofLife among Eastem Nofth Carolina Residents,"


Envircn Health Perspect 108, no, 3 (2000).
4 M. C. Mirabelli et al., "Asthma Synptotns among Adolescents Who Attend Public Schools That Are Located near Confined
Swine Feeding Operatiors," Pedíatrícs 1 18, no. I (2006).
5 


S. Wing et al., "Ai¡ Pollution and Odor in Conrnunities near Industrial Swine Operations," ¿¡¡viro n Health Perspect 116, no,
l0 (2008),
6 R. A. Horton et al., "Malodor as a Trigger of Strcss and Negative Mood in Neighbors oflndustrial Hog Operations," Am J
Publíc Health 99 Suppl 3(2009).
t M. Ta¡ik et al., "Impact of Odor fiom hìdush'ial Hog Operations on Daily Living Activities," ly'ew ,So lut 18, no.2 (2008).
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In the same study, higher levels ofhydrogen sulfide were associated with reports ofirritation ofthe eyes
and nose, and with runny nose and difficulty breathing. Particle pollution was associated with reporls of
poor appetite, burning eyes, nasal irritation, wheezing, diffrculty breathing, and decreases in lung
function. Higher levels of endotoxin were associated with nausea, chest tightness, and sore throat.s


Swine CAFO odors and hydrogen sulfide concentrations in these communities were also associated with
neighbors' blood pressure levels.e Elevated blood pressure is a well-recognized cause of stroke and hea¡t
disease, and the area of eastem North Carolina with the highest density of swine CAFOs is part of a
region known as the "stroke belt." Residents of this region, who already suffer excess hypertension-
related disease, should not be exposed to pollutants from swine CAFOs that further raise their blood
pressures. Additionally, treatment of high blood pressure is a financial burden to patients as well as to
private and public insurance systems.


Results from these studies represent average responses among study participants. Some people are more
sensitive to environmental exposures than others. Overall, however, the studies provide solid evidence,
consistent with findings from worker studies and studies in other regions, that air pollutants from swine
CAFOs negatively impact health and quality of life.


ln addition to studies of swine CAFO air pollution conducted in our state, a growing body ofevidence
from other states and countries shows that swine, poultry, and cattle CAFOs contaminate air a¡d water
and negatively impact the health and quality of life in neighboring communities.r0 Fufihermore, hundreds
ofCAFOs in eastern North Carolilra are located in areas subject to flooding that can transpofi liquid
wastes into local communities, ' ' and runoff can convey fecal pollution and associated pathogens to
surface and ground water supplies and soils.12 It is¡ust a matter of time before anothei flood causes
massive loss of liquid waste from the thousands offecal waste lagoons that are in our state's flood plains.


Another concem is the widespread use ofantibiotics in CAFOs. Research shows that the use of antibiotics
in CAFOs has contributed to the em-ergence of antibiotic resistant bacteria that can cause dangerous,
difficult-to-treat human infections.r3 Airbome bacteria, including antibiotic resistant strains, iiave been
connected to CAFO air emissions,la and antibiotic resistant bacteria are associated with animal vectors
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near CAFOs, including flies,15 rodents,r6 and migatory geese that land on North Carolina's swine waste
lagoons. " A recent medical records study from Pennsylvania shows that people living near swine waste
application sites have elevated hospiølization for infections with methicillin resistanf Staphylococcus
aarezrs (MRSA). '" North Carolina swine and poultry CAFO workers carry strains of Staphylococcus
aureus lhat are associated with livestock in general, and swine in particular,le that could be spread by
liquid waste.


II. North Ca¡olina's Swine CAFOs Overburden Low-lncome Communities of Color


Research based on a review ofstate and federal records shows that North Carolina's swine CAFOs are
disproportionately located in low-income communities of color.20 Low-income people of color are more
susceptible to CAFO pollution because ofolder housing, less access to air conditioning, increased
exposures to other environmental and occupational hazards, higher prevalence of medical conditions that
can be exacerbated by exposure to CAFO pollution, and inadequate access to medical services. The
disproporlionate burden of swine CAFOs in low-income communities of color represents an
environmental injustice. Industrial swine production creates profits for out-of-state corporations and
provides cheap pork for consumers at the expense of the health and dignity of eastern North Carolina
residents who bear the brunt of the local pollution and health impacts. Additionally, the large numbers of
CAFOs make these communities unattractive for economic development that would bring clean industries
and goodjobs.


The problem is not farming, rather it is the industrial production of animals in concentrations that produce
massive quantities of waste and pollutants. These practices would never be tolerated in wealthy
communities. In North Carolina, CAFO pollution is permitted by the Depa¡tment of Environment and
Natural Resources. The top ten swine-producing counties in the United States are all in eastern Nofih
Carolina; the health and environmental impacts of swine production in our state are not simply due to
pollution from individual facilities, but result from the density ofthese operations. Sadly, our regulatory
system has forsaken rural residents by allowing the destruction oftheir health and quality oflife.
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III. DENR Should Provide Records Needed to Document Environmental and Health Impacts


The ability ofscientists to document health and environmental impacts ofCAFO pollutants, and the
ability ofthe public to become aware ofthe economic, social and health costs ofthe current system, is
hampered by inadequate public availability of records. We request that DENR compile electronic records
of infomation that permittees are required to collect and make them publicly available. These include:


r The waste level in each lagoon (freeboard levels) (III.2(a))
. Precipitation events, including rain levels (IIL3)
o Soil fertility (IIL4)
o The amount ofnitrogen, phosphorus, zinc, and copper in the waste (III.5) as well as arsenic
o Dates ofirrigation and land application events, quantities of liquid applied on each day, and other


information about land application including hydraulic loading rates, nutrient loading rates, and
cropping information, as well as information as to whether solids were removed and info¡mation
about how those solids were disposed on site, or offsite (if applicable) (III.6)


o Waste transfers between structures on site that are not typically operated in a series (III.7)
o Monthly stocking records (these records are given to DENR, III.8)


In particular we request that DENR obtain each permittee's daily record ofthe quantities and locations of
animal waste applied to land. We also request that DENR make public the boundaries of each field where
swine waste is applied to land and detailed information about all pharmaceuticals and othe¡ additives in
each permitee's swine feed. This information is important for advancing the scientific understanding of
environmental and health impacts of land-application ofmanure and it is critical to the public's right-to-
know about environmental pollutants and thei¡ costs to neighboring communities and the general public.


IV. Conclusion


The body ofresearch documenting the damage that industrial swine production causes to human and
environmental health continues to grow, and these burdens disproportionately impact communities of
color and low income communities. More information about swine CAFOs should be publicly available
to allow scientists and concemed citizens to monitor potential impacts. We urge you to modify CAFO
permits to set a date in the near future after which the following will be prohibited: l) the management of
swine waste using lagoons and spray fields, 2) the non-therapeutic use ofantibiotics in livestock
production, and 3) the location of animal confrnements and animal waste storage in flood plains. These
changes are the minimum required to preserve the health and well-being of rural residents nea¡ swine
operations.


Sincerely,
/1ì(-


V¿-¿¿ Il./r^-
t


Steve Wing, Ginger T. Guidry, Sarah Hatcher and Jessica Rinsky
UNC-CH School of Public Heaith
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Summary 
 
Background: In 2014, the North Carolina Department of Environment and Natural Resources 
(NC-DENR) issued a swine waste management general permit (the General Permit), which is 
expected to cover more than 2,000 industrial hog operations (IHOs).  These facilities house 
animals in confinement, store their feces and urine in open pits, and apply the waste to 
surrounding fields.  Air pollutants from the routine operation of confinement houses, cesspools, 
and waste sprayers affect nearby neighborhoods where they cause disruption of activities of daily 
living, stress, anxiety, mucous membrane irritation, respiratory conditions, reduced lung 
function, and acute blood pressure elevation.  Prior studies showed that this industry 
disproportionately impacts people of color in NC, mostly African Americans. 
 
Methods: We obtained records on the sizes and locations of permitted IHOs from NC-DENR and 
calculated the steady state live weight (SSLW) of hogs as an indicator of the amount of feces and 
urine produced at each IHO.  We obtained block-level information on race and ethnicity from the 
2010 census of the United States.  We compared the proportions of people of color (POC), 
Blacks, Hispanics, and American Indians living within 3 miles of an IHO to the proportion of 
non-Hispanic Whites.  We quantified relationships between race/ethnicity, presence of one or 
more IHOs, and the SSLW of IHOs, using Poisson regression and linear regression to adjust for 
rurality. 
 
Results: Analyses based on a study area that excludes the state’s five major cities and western 
counties that have no presence of this industry show that the proportion of POC living within 3 
miles of an industrial hog operation is 1.52 times higher than the proportion of non-Hispanic 
Whites.  The proportions of Blacks, Hispanics and American Indians living within 3 miles of an 
industrial hog operation are 1.54, 1.39 and 2.18 times higher, respectively, than the proportion of 
non-Hispanic Whites (p<0.0001).  In census blocks with 80 or more percent people of color, the 
proportion of the population living within 3 miles of an industrial hog operation is 2.14 times 
higher than in blocks with no people of color.  This excess increases to 3.30 times higher with 
adjustment for rurality.  Adjusted for rurality, the SSLW of hogs within 3 miles of a census block 
increases, on average, 100,000, 64,000, 243,000, and 93,000 pounds for every 10 percent 
increase in POC, Black, Hispanic, and American Indian population (p<0.0001).   
 
Conclusions: IHOs in NC disproportionately affect Black, Hispanic and American Indian 
residents.  Although we did not examine poverty or wealth in this study, the results are consistent 
with previous research showing that NC’s IHOs are relatively absent from low-poverty White 
communities.  This spatial pattern is generally recognized as environmental racism. 
 







2 
 


Background  
 
Swine production in North Carolina (NC) changed dramatically during the last decades of the 
20th century.  Between 1982 and 2006 the number of hog operations in the state declined 
precipitously while the hog population increased from approximately 2 to 10 million (Edwards 
and Driscoll 2009).  Production became concentrated in eastern NC (Furuseth 1997).   
 
Traditional NC producers raised small numbers of hogs, commonly fewer than 25, and hogs 
were one of several commercial crops on diversified farms (Edwards and Driscoll 2009).  In 
contrast, industrial producers raise large numbers of hogs, often many thousands, in confinement 
houses that are designed to vent toxic gases and particles into the environment.  Animal wastes 
are flushed into open cesspools and then sprayed on nearby fields.  Pollutants emitted by IHOs 
include hydrogen sulfide, ammonia, a wide array of volatile organic compounds, and bioaerosols 
including endotoxins and other respiratory irritants (Cole et al. 2000) (Schiffman et al. 2001).   
 
The negative impacts of particles and gases inside IHO confinements on worker health have been 
extensively described (Cole et al. 2000; Donham 1993; Donham et al. 1995; Donham et al. 2000; 
Donham 1990).  Environmental pollutants from IHOs affect people who are more susceptible 
than workers due to young or old age, asthma or allergies, or other conditions.  An extensive 
body of peer-reviewed scientific evidence shows that IHOs release contaminants into 
neighboring communities where they affect the health and quality of life of neighbors.  Many of 
these studies have been conducted in NC.  Hydrogen sulfide concentrations within 1.5 miles of 
IHOs in NC are associated with neighbors’ ratings of hog odor and inability to engage in routine 
daily activities (Wing et al. 2008), increased stress and anxiety (Horton et al. 2009), irritation of 
the eyes, nose and throat, respiratory symptoms (Schinasi et al. 2011), and acute elevation of 
systolic blood pressure (Wing et al. 2013).  A study of NC public middle school children who 
participated in an asthma survey, which was conducted by the NC Department of Health and 
Human Services, found that children attending schools within three miles of an IHO had more 
asthma-related symptoms, more doctor-diagnosed asthma, and more asthma-related medical 
visits than students who attended schools further away (Mirabelli et al. 2006).  The same study 
reported a 23% higher prevalence of wheezing symptoms among children who attended schools 
where staff reported noticing livestock odor inside school buildings twice or more per month 
compared to children who attended schools where no livestock odor was reported (Mirabelli et 
al. 2006).  Other studies in NC (Tajik et al. 2008) (Wing and Wolf 2000) (Bullers 2005) 
(Schiffman et al. 1995) and elsewhere (Donham et al. 2007) (Thu et al. 1997) (Radon et al. 2007) 
also document negative impacts of IHO air pollution on neighbors’ health and quality of life.   
 
Liquid contaminants from IHOs are released to the environment through leakage of animal waste 
storage pits, runoff from land application of liquid wastes, atmospheric deposition, and failure of 
the earthen walls of waste pits (Burkholder et al. 2007).  Overflow of waste pits during heavy 
rain events results in massive spills of animal waste into neighboring communities and 
waterways.  For example, in late September, 1999, 237 NC IHOs were located in flooded areas 
identified from satellite imagery provided by the NC Division of Emergency Management (Wing 
et al. 2002).  Parasites, bacteria, viruses, nitrates, and other components of liquid IHO waste pose 
threats to human health (Burkholder et al. 2007; Cole et al. 2000).   
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Routine use of sub-therapeutic doses of antibiotics to promote weight gain of hogs promotes 
antibiotic resistance, making infections in humans more difficult to treat (Silbergeld et al. 2008).  
Airborne bacteria, including antibiotic resistant strains, have been isolated from IHO air 
emissions (Schulz et al. 2012) (Green et al. 2006) (Gibbs et al. 2006), and antibiotic resistant 
bacteria are associated with animal vectors near industrial animal operations, including flies 
(Graham et al. 2009), rodents (van de Giessen et al. 2009), and migratory geese that land on 
NC’s IHO liquid waste pits (Cole et al. 2005). A recent medical records study from Pennsylvania 
shows that people living near IHO liquid waste application sites have elevated rates of infection 
with methicillin resistant Staphylococcus aureus (Casey et al. 2013).  NC industrial livestock 
workers carry strains of Staphylococcus aureus that are associated with swine, including 
antibiotic resistant strains (Rinsky et al. 2013).  These bacteria could be spread by liquid waste 
and airborne particles.   
 
Using information from the United States Census of 1990 and locations of IHOs reported by the 
North Carolina Department of Environment and Natural Resources (NC-DENR) in 1998, we 
showed that the state’s IHOs were disproportionately located in areas where more people of 
color (POC), primarily African Americans, live (Wing et al. 2000).  We concluded that their 
disproportionate location in communities of color represented an environmental injustice.  Since 
1998 additional IHOs have obtained permission to operate and others are no longer in business.  
Additionally, between 1990 and 2010 the state’s population size and spatial distribution changed 
due to births, deaths and migration.  In this report we update our previous findings by evaluating 
whether IHOs operating under the general permit issued on March 7, 2014, will 
disproportionately impact POC, Blacks, Hispanics, and American Indians.   
 
 
Materials and Methods 
 
Lacking a list of the unique IHOs operating under the General Permit finalized in 2014, we used 
a list of all permitted industrial animal operations provided by NC-DENR on January 24, 2013 
that we had prepared for prior research.  First we excluded all non-swine operations from the list.  
Next we excluded swine operations with expired permits and permits with an allowable head 
count equal to zero.  We also excluded permits that did not appear on a list of permitted animal 
operations published by DENR in January, 2014.  We merged multiple permits issued for the 
same facilities to obtain a total head count for each operation.  However the head count may be 
misleading as a measure of the pollution from each IHO because some facilities primarily house 
small pigs while others primarily house large hogs. We therefore calculated each facility’s total 
steady state live weight (SSLW) using NC-DENR’s formula based on the number and average 
weight of each growth stage of swine permitted at the facility.  We interpret SSLW as a summary 
measure of the feces and urine produced by the swine of different growth stages at each facility.    
 
Following the protocol provided in our previous study we excluded facilities operated by 
research institutions because they are subject to different location and management decisions 
than are commercial operations (Wing et al. 2000).  Finally, we excluded facilities that do not 
hold a certificate of coverage to operate under the General Permit because they operate under 
individual permits or National Pollutant Discharge Elimination System general permits.  The 
resulting facilities should closely approximate those expected to seek to continue operating under 
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the renewed General Permit.  The renewed General Permit takes effect on October 1, 2014, at 
which time we plan to update the list created for this research. 
 
The vulnerability of people of any race/ethnicity to having polluting facilities nearby can be 
affected by the race and ethnicity of other people in their community.  For example, African-
Americans who live in areas primarily populated by non-Hispanic Whites have, generally, a 
lower susceptibility to being near polluting facilities than African-Americans who live in areas 
primarily populated by Hispanics or American Indians.  We therefore conducted our primary 
analyses of disproportionate impact using the POC category.  We also conducted analyses for 
specific racial/ethnic categories.  We defined the following racial/ethnic categories: non-
Hispanic White (non-Hispanics who identified as White and no other race), POC (all people not 
categorized as non-Hispanic white), Black (people who identified themselves as African-
American or Black with or without any other race), Hispanic of any race, and American Indian 
(people who identified themselves as American Indian with or without any other race).  We used 
block-level race/ethnicity-specific population counts from the US Census of 2010.   
 
As large-scale agricultural facilities, IHOs are not located in major cities.  Following the protocol 
adopted in our prior research, we defined a study area for our primary analyses that excluded 
census blocks in the five major metropolitan areas of NC (Charlotte, Winston Salem, 
Greensboro, Durham and Raleigh) as well as 19 western counties that neither have an IHO nor 
border a county that has an IHO.  We conducted additional analyses for the entire state.   
 
We considered residents of blocks to be affected by IHOs within three miles of the block 
centroid.  Blocks were categorized as either having, or not having, an IHO within three miles.  
Additionally, we calculated the total permitted SSLW of hogs within three miles of the centroid 
of each block as a measure of the total potential influence of pollutants from nearby IHOs on the 
residents of the block.   
 
As in our prior study, we also calculated the population density of each block, defined as the 
number of people per square mile.  Population density is a measure of rurality, which is strongly 
related to the availability of land for agriculture and the price of land.  Racial/ethnic groups in 
NC differ in their urban vs. rural residence, making them differentially susceptible to types of 
polluting facilities that locate in rural vs. urban locations.  For example, a larger proportion of 
non-Hispanic Whites in NC live in remote rural areas than do Blacks, the racial comparison is 
affected not only by the susceptibility of Whites vs. Blacks to IHOs, but also by differences in 
whether they live in rural vs. urban areas.  By adjusting for population density (or rurality), we 
compare racial vulnerability to IHOs for racial groups within each level of rurality.  This 
adjustment is analogous to other statistical adjustments in epidemiology, as when the death rates 
of two countries are compared: even though death rates at every age may be higher in a poor than 
a rich country, the poor country may have a lower overall death rate simply because it has a 
younger age distribution.  In that case, age-adjustment is used to compare mortality in the two 
countries just as we use density-adjustment to compare the proximity to IHOs in areas with 
different racial/ethnic make-up. 
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We used weighted Poisson regression to quantify relationships between race/ethnicity and the 
presence of one or more IHOs within three miles of a block. We used weighted linear regression 
to quantify relationships between race/ethnicity and the SSLW of hogs permitted within three 
miles of a block. We used census block populations as weights.  In density-adjusted models we 
included variables for the natural log of population density raised to the first, second and third 
power.  As in our prior analysis, this cubic model fit the data well and additional power terms 
added little to the model fit (Wing et al. 2000).  For the two largest racial/ethnic groups other 
than non-Hispanic Whites, POC and Blacks, we categorized race/ethnicity in groups of blocks 
20% in width compared to blocks with no POC using indicator variables.  Due to smaller 
numbers in these categories we did not fit models with indicator variables for Hispanics and 
American Indians.  We also considered the percent of population of each race/ethnicity as a 
continuous variable, estimating the added burden of IHOs for a 10% increase in the population.   
 
This study involves neither random sampling nor randomization of exposure to IHOs, therefore 
statistical significance testing is inappropriate and confidence intervals do not correspond to the 
probability that the true values of measures of association are within the interval.  However, the 
US-EPA considers statistical significance in its assessment of environmental racism.  We 
therefore report p-values for differences in proportions of each racial/ethnic group within 3 miles 
of an IHO using t-tests.  We report 95% confidence intervals (CIs) as measures of precision of 
the associations estimated from regression models.  95% CIs that exclude the null value (1.0 for 
ratios and 0.0 for differences) are commonly considered to be statistically significant at p<0.05.  
 
 
Results 
 
We estimate that 2,055 IHOs were operating under the General Permit in January 2014, and that 
they were permitted to house approximately 1.2 billion pounds of swine (Table 1).  The 160 
(7.7%) IHOs permitted to house between 20 and 100 thousand pounds accounted for only 1% of 
the total permitted SSLW.  The 342 (17.2%) IHOs permitted to house between 1 and 10.2 
million pounds accounted for 46.5% of the total.   
 
Table 2 shows that there are over 6.5 million residents of the study area.  Approximately 986,000 
(15.1%) of these live in census blocks whose centroid is within 3 miles of an IHO that operates 
under the General Permit.  This includes 602,380 non-Hispanic Whites and 383,522 POC.  
13.1% of non-Hispanic Whites and 19.9% of POC in the study area live in blocks within 3 miles 
of an IHO.   
 
Based on the study area population in Table 2, Table 3 shows ratios of percentage of POC living 
within 3 miles of an IHO compared to the percentage of non-Hispanic Whites living within 3 
miles of an IHO.  The percentage of POC living within 3 miles of an IHO is 1.52 times higher 
than the percentage of non-Hispanic Whites.  The percentages of Blacks, Hispanics and 
American Indians living within 3 miles of an IHO are 1.54, 1.39 and 2.18 times higher, 
respectively, than non-Hispanic Whites.  If residents of the study area had been randomized to 
live within 3 miles of an IHO, the probabilities of observing differences of these magnitudes or 
greater are less than 0.0001; the observed differences are considered to be highly statistically 
significant.   







6 
 


 
We calculated these same ratios based on the entire state population of 9,535,483.  The 
percentages of POC, Blacks, Hispanics and American Indians living within 3 miles of an IHO 
are 1.38, 1.40, 1.26 and 2.39 times higher than the percentage of non-Hispanic Whites, 
respectively.  These ratios are considered to be highly statistically significant.   
 
Figure 2 shows the percent of people living within 3 miles of an IHO in relation to the percent of 
people of color in blocks.  In areas with less than 20% POC, just over 10% of the population 
lives within 3 miles of an IHO.  In areas with 60-80% POC, over 20% of the population lives so 
close to an IHO.  In areas with more than 80% POC, more than a quarter of the population lives 
within 3 miles of an IHO. 


 
Table 4 presents ratios of the percent of people living within 3 miles of an IHO in blocks with >0 
to <20%, 20 to <40%, 40 to <60%, 60 to <80% and 80 to 100% POC compared to blocks with 
no POC.  The total population in these categories ranges from 526,305 in blocks with 60 to 
<80% POC to 2,577,015 in blocks with >0 to <20% POC.  Ratios are statistically significantly 
elevated for all areas with more than 40% POC with or without adjustment for rurality.  Ratios 
on the right side of Table 4 are adjusted for rurality.  These ratios increase with the percentage 
POC.  The highest ratios occur in areas with more than 80% POC, where over three times as 
many people live near IHOs, adjusted for rurality, compared to areas with no POC.  These 
excesses are considered to be highly statistically significant. 
 
Table 5 shows the results of analyses for Blacks parallel results to in Table 4 for all POC.  
Although ratios are somewhat lower for Blacks than POC, the percent of people living within 3 
miles of an IHO is statistically significantly elevated in all groups of blocks that are more than 
40% Black, with or without adjustment for rurality.  In areas that are 80% or more Black, twice 
as many people live within 3 miles of an IHO compared to areas with no Blacks, a disparity that 
increases to three times more with adjustment for rurality.  These excesses are considered to be 
highly statistically significant. 
 
Table 6 presents the increased percent of the population living within 3 miles of an IHO for each 
additional 10 percent of the population of POC, Blacks, Hispanics, and American Indians.  This 
analysis is similar to the results in Tables 4 and 5, but rather than using categories, the 
relationship between race/ethnicity and proximity to IHOs is modelled as a linear function.  For 
every ten percent increase in POC, the proportion of people residing within 3 miles of an IHO 
increases, on average, by 10.7%.  These values are 9.4, 8.5, and 16.2 for Blacks, Hispanics, and 
American Indians, respectively.  Adjusting for rurality, 14.8% more people reside within 3 miles 
of an IHO for each additional ten percent POC.  Adjusted values are 13.0, 16.3 and 11.8 for 
Blacks, Hispanics and American Indians, respectively.  These linear relationships between 
race/ethnicity and living near IHOs are considered to be highly statistically significant. 
 
Table 7 shows the difference in SSLW of hogs within 3 miles of residents of blocks with >0 to 
<20%, 20 to <40%, 40 to <60%, 60 to <80% and 80 to 100% POC compared to blocks with no 
POC.  Blocks in categories with more than 20% POC have, on average, between 177 and 510 
thousand pounds more hogs within 3 miles than blocks with no POC.  Adjusting for population 
density, blocks with more than 60 percent POC have, on average, more than three-quarters of a 
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million pounds more hogs permitted within 3 miles than areas with no POC.  These excesses are 
considered to be highly statistically significant.   
 
Table 8 presents parallel results for percentage Black population.  As for POC, areas with more 
than 20% Black residents have an excess SSLW of hogs compared to areas with no Black 
residents, and differences are greater with adjustment for rurality.  Adjusted for population 
density, blocks with more than 40% Black residents have between 493,000 and 620,000 more 
pounds of hogs within 3 miles than areas with no Black residents.  These excesses are considered 
to be highly statistically significant. 
 
Table 9 provides the average additional SSLW of hogs permitted in areas with POC for each 
percent increase in specific racial/ethnic categories.  Adjusted for population density, the 
permitted SSLW of hogs within 3 miles of blocks increases 100, 64, 242, and 92 thousand 
pounds for each ten percent increase in POC, Black, Hispanic, and American Indian population, 
respectively.  These linear relationships between race/ethnicity and SSLW are considered to be 
highly statistically significant. 
 
Figure 3 depicts the data analyzed above.  Each dot represents an IHO that was operating under 
the General Permit in 2014.  IHOs are concentrated in NC’s Coastal Plain Region, between the 
Piedmont and Tidewater.  The red areas of Figure 3 indicate that this region has more people of 
color than other parts of the study area. 
 
 
Conclusion 
 
IHOs operating under the NC-DENR General Permit in 2014 are disproportionately located near 
communities of color.  The disparities are considered to be highly statistically significant for 
Blacks, Hispanics, American Indians, and all POC.  IHOs pollute local ground and surface water.  
They routinely emit air pollutants that negatively impact the quality of life and health of nearby 
residents.  In addition to their well-documented effects on physical, mental and social well-being, 
residents of areas with a high density of IHOs, and especially residents of color, have been 
subjected to intimidation including threats of legal action, violence, and job loss (Wing 2002).  
The industry’s close ties with local and state government officials help it to avoid regulation that 
could protect neighbors, and creates barriers to democracy in rural communities of color (Thu 
2001, 2003).  These discriminatory impacts could be reduced by decreasing the density of 
production and use of technologies that prevent releases of pollutants. 
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Figure 1 
North Carolina study area, 2014 


 
 


 
 
 
 


Figure 2 
Percent of population living within 3 miles of an IHO 


in relation to percent people of color, NC, 2014 
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Figure 3 
Racial and ethnic composition of census blocks and the locations 


of NC IHOs operating under the General Permit, 2014 
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Table 1 
Steady state live weight of IHOs 


operating under the General Permit, NC, 2014 
 


Permitted 
SSLW1  


Number of 
IHOs 


Percent of 
IHOs 


 
Total SSLW1 


Percent of 
total SSLW 


20- 160 7.7 12,574 1.0 


100- 447 21.6 76,626 5.9 


250- 577 28.1 222,003 17.1 


500- 529 25.4 383,918 29.6 


1,000-10,200 342 17.2 603,354 46.5 


Total 2055 100.0 1,298,474 100.0 
1Thousands of pounds 


 
 


Table 2 
Racial and ethnic composition of NC census blocks within 3 miles 


of an IHO and more than 3 Miles of an IHO, 2014 


Racial Category 


≤3 miles from an IHO >3 miles from an IHO 


 


Number Percent Number Percent 
 
Total1  


 Non-Hispanic 
white  602,380 13.1 4,003,455 86.9 4,605,835 


POC1 383,522 19.9 1,548,276 80.1 1,931,798 
Black  277,199 20.2 1,096,795 79.8 1,373,994 
Hispanic  92,679 18.1 418,292 81.9 510,971 
American Indian  40,621 28.5 101,872 71.5 142,493 
Total1  985,902 15.1 5,551,731 84.9 6,537,633 


1POC can be counted in more than one racial/ethnic category.  The total population is equal 
to the number of non-Hispanic Whites plus the number of POC.   
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Table 3 
Ratios of POC compared to non-Hispanic Whites living within 3 Miles 


of an IHO operating under the General Permit, 2014 
 
Racial/ethnic 
Category  


≤3 miles from an IHO 
 Population Number Percent Ratio2 p-value3 


Non-Hispanic white 4,605,835 602,380 13.1 1.00 -- 
POC1 1,931,798 383,522 19.9 1.52 <0.0001 
Black 1,373,994 277,199 20.2 1.54 <0.0001 
Hispanic 510,971 92,679 18.1 1.38 <0.0001 
American Indian 142,493 40,621 28.5 2.18 <0.0001 
Total1 6,537,633 985,902 15.1    


1People of color can be counted in more than one racial/ethnic category.  The total population is 
equal to the number of non-Hispanic Whites plus the number of POC.   
2Ratio of the percent of people of other racial/ethnic groups to percent of non-Hispanic Whites 
living within 3 miles of an IHO 
3A difference in proportions of this magnitude or greater would be expected to occur less than 
one time in ten thousand if people of different racial/ethnic groups had been randomized to live 
within 3 miles of an IHO.  
 
 


Table 4 
Ratios comparing the percent of people residing within 3 miles of an IHO 


in blocks with POC compared to blocks with no POC 
 
  Unadjusted Adjusted1 
Percent 
POC 


Population  Prevalence 
Ratio 


95% CI Prevalence 
Ratio 


95% CI 


0 694,747 1.0 referent 1.00 referent 
>0 to <20 2,577,015 0.83 0.82, 0.83 1.01 1.00,1.02 
20 to <40 1,364,923 1.34 1.33, 1.45 1.95 1.93, 1.97 
40 to <60 799,124 1.35 1.34, 1.36 2.15 2.13, 2.16 
60 to <80 526,305 1.64 1.62, 1.65 2.53 2.50, 2.55 
80 to 100 575,519 2.14 2.12, 2.16 3.30 3.27, 3.32 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
  







15 
 


Table 5 
Ratios comparing the percent of people residing within 3 miles of an IHO 
in blocks with Black residents compared to blocks with no Black residents 


 
  Unadjusted Adjusted1 
Percent 
Black 


Population  Prevalence 
Ratio 


95% CI Prevalence 
Ratio 


95% CI 


0 1,308,061 1.00 referent 1.00 referent 
>0 to <20 2,941,746 0.93 0.92, 0.94 1.20 1.19,1.21 
20 to <40 1,043,277 1.44 1.43, 1.45 2.07 2.05, 2.08 
40 to <60 536,198 1.52 1.51, 1.53 2.18 2.17, 2.20 
60 to <80 336,232 1.57 1.56, 1.59 2.19 2.17, 2.21 
80 to 100 372,119 2.01 1.99, 2.02 3.06 3.04, 3.09 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
 
 
 
 
 


Table 6 
Percent difference in the percent of people residing within 3 miles of an IHO for a ten percent 


increase in the population of each racial/ethnic group 
 
 Unadjusted Adjusted1 
Racial/ethnic group Percent 95% CI Percent 95% CI 
POC 10.7 10.6, 10.8 14.8 14.7, 14.9 
Black 9.4 9.3, 9.4 13.0 12.9, 13.1 
Hispanic 8.5 8.4, 8.6 16.3 16.1, 16.4 
American Indian 16.2 16.0, 16.4 11.8 11.6, 12.0 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
 
  







16 
 


 
Table 7 


Difference in SSLW of hogs within 3 miles of residents of blocks 
with POC compared to blocks with no POC 


 
 Unadjusted Adjusted1 
Percent POC SSLW2 95% CI SSLW 95% CI 
0 Referent - Referent - 
>0 to <20 -35 -73, 3 190 154, 227 
20 to <40 177 136, 219 535 495, 575 
40 to <60 308 262, 353 717 672, 762 
60 to <80 510 459, 561 896 846, 946 
80 to 100 453 403, 503 837 788, 885 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
21,000s of pounds 
 
 


Table 8 
Difference in SSLW of hogs within 3 miles of residents of blocks 
with Black residents compared to blocks with no Black residents 


 
 Unadjusted Adjusted1 
Percent Black SSLW2 95% CI SSLW 95% CI 
0 Referent - Referent - 
>0 to <20 -4 -33, 25 237 207, 265 
20 to <40 190 153, 227 493 457, 530 
40 to <60 327 281, 372 620 576, 665 
60 to <80 275 221, 330 547 494, 599 
80 to 100 165 113, 218 494 444, 545 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
21,000s of pounds 


 
 
 


Table 9 
Difference in SSLW of hogs within 3 miles of residents of blocks for a ten percent increase in 


population of each racial group 
 
 Unadjusted Adjusted1 
Racial/ethnic group SSLW2 95% CI SSLW 95% CI 
POC 67 63, 71 100 96, 104 
Black 38 34, 42 64 60, 68 
Hispanic 183 174, 192 242 234, 251 
American Indian 124 111, 137 92 80, 105 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
21,000s of pound 
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Rapid growth and the concentration ofhog production in North Carolina have raised concems of
a disproportionate impact of pollution and offensive odors on poor and nonwhite communities.
We analyzed the location and characteristics of 2,514 intensive hog operations in relation to
racial, economic, and water source characteristics of census block groups, neighborhoods with an
average of approximately 500 housholds each. We used Poisson regression to evuate the etent
to which relationships between environmental justicc variables and the number of hog operations
persisted after consideration of population density. There are 18.9 times as many hog operations
in the highest quintile of poverty as compared to the lowest; however, adjustment for population
density reduces the excess to 7.2. Hog operations are approximately 5 times as common in the
highest three quintiles ofthe percentage nonwhite population as compared to the lowest, adjusted
for population density. The excess of hog operations is greatest in areas with both high poverty
and high percentage nonwhites. Operations run by corporate integrators are more concentrated
in poor and nonwhite areas than are operations run by independent growers. Most hog opera-
tions, which use waste pits that can contaminate groundwater, are located in areas with high
dependence on well water for drinking. Disproportionate impacts of intensive hog production on
people of color and on the poor may impede improvements in economic and environmental con-
ditions that are needed to address public health in areas which have high disease rates and low
access to medical care as compared to other areas of the state. Key word:. African Americans, envi-
ronmental health, environmental justice, epidemiology, geographic information ystems, rural
health. Environ Healh Penpect 108:225-231 (2000). [Online 8 February 2000]
hap:f/ebpnetl.niehs.nih.gor/docs/2000/108p225-2.3lwing/abstract/mtm


Environmental injustice refers to the dispro-
portionate burden of pollution on people of
color and the poor (1-3). In contrast to rural
America's traditional image of unspoiled ter-
ritory free of industrial pollution, poor rural
communities have been targeted in recent
years for urban, industrial, and military
wastes that are unwanted by communities
with larger populations and more political
power (4-). Other threats of environmental
injustice in rural areas have come about
because of the industrialization of agricultur-
al activities (7,8). In this work we consider
the environmental justice implications of the
transformation of hog production in North
Carolina from a system dominated by small
independent farmers to large vertically inte-
grated agribusiness production.


Between 1985 and 1998 North Carolina
moved from fifteenth to second in hog pro-
duction among U.S. states, with approxi-
mately 10 million head outnumbering the
state's human population of approximately
7.5 million (7,9). The expansion of produc-
tion has been accompanied by a declining
number of operations and an increasing
average size of operations (10). In 1998,
market prices for hogs dropped to their low-
est levels since the 1920s, which accelerated
the demise of smaller independent produc-
ers. Most hogs are now produced by opera-
tors who work under contract to corporate
integrators, which provide the management


plan and own the animals, feed, and trans-
portation; the operators own the land,
buildings, and waste (11). In the past, hog
production was dispersed throughout the
state, but it has become consolidated in the
coastal plain region, which concentrates
waste and the potential for environmental
damage in a region that is sensitive because
of low-lying flood plains and high water
tables (10).


Intensive swine production may pose
environmental health dangers because of the
high volume of waste, the chemical and
microbial content of the waste, and the prac-
tice of using liquid waste management
systems that are not isolated from the envi-
ronment (12). In intensive hog production
facilities, referred to as confined animal feed-
ing operations (CAFOs), thousands of hogs
are housed in large buildings. Waste is col-
lected in cesspools for anaerobic decomposi-
tion and is subsequently sprayed on fields.
Airborne emissions from confinement houses,
cesspools, and spray fields contain ammonia,
hydrogen sulfide, hundreds of volatile organic
compounds, dusts, and endotoxins. These
mixtures, which cause respiratory dysfunction
in hog confinement-house workers (13-28)
and possibly lower level symptoms in nearby
residents (29,30), are highly obnoxious odor-
ants that affect quality of life (29-31) and
may be associated with mood disorders and
lowered immune function (32,3a).


Leaking cesspools and waste sprayed on
fields can contaminate groundwater with
nitrates and pathogens. The North Carolina
State Health Department's (Raleigh, NC)
well-testing program for the neighbors of
intensive hog operations has documented
elevated nitrates from hog operations (34).
Groundwater contamination is a particular
problem in eastern North Carolina because
the water tables are high and many wells are
shallow and unlined. No active population-
based surveillance data are available to
document pathogen contamination or the
incidence of infections. Hog operations also
contaminate surface waters, which may lead
to high pathogen loads, eutrophication, and
the promotion of algae and dinoflagellate
growth (35-39.


The coastal plain region of North
Carolina is also part of the southern Black
Belt, a region where the agricultural econo-
my was first built on the basis of slave labor
and where a majority of rural African
Americans in the United States still reside.
The concentration of hog production in this
poor region of the state has therefore raised
the issue of environmental injustice (40). As
in the case of other environmental justice
problems, the presence of this polluting
industry is a threat to public health because
it may lower land values and quality of life
and impede healthier economic develop-
ments that are needed in communities
which suffer from low wages, lack of access
to medical care, and poor nutritional options.
Environmental injustice in the North
Carolina hog industry has previously been
investigated for counties (7,9) and U.S.
Census Bureau (Suitland, MD) block groups
(41). Using data for census block groups
(areas of approximately 500 households), we
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examined the extent to which hog CAFOs are
located disproportionately in communities
with high levels of poverty, high proportions
of nonwhite persons, and high percentages of
households dependent on well water. In addi-
tion, because agricultural activities are located
in rural areas where land is inexpensive, and
because many rural areas are poor and non-
white, we also considered whether relation-
ships between the locations of hog CAFOs
and poverty, race, and well use can be
explained by the rural nature of these areas.


Materials and Methods
We obtained a list of all animal operations
registered with the North Carolina Division
of Water Quality (DWQ; Raleigh, NC) as
of February 1998. Animal operators report
information on the number of head, species
and type of animals, aspects of the liquid
waste management system, the latitude and
longitude coordinates of the facility, and the
name of the corporate integrator, if any,
with whom the operator has a contract. Swine
operations are required to register with the
DWQ if they have > 250 head and if they
use a liquid waste management system. The
steady state live weight (SSLW) of the herd
was calculated by the DWQ as a function of
the number of head of each type (breeding
sows, farrow to wean pigs, wean to feeder
pigs, feeder to finish hogs, boars, and gilts)
and the average weight for each type hog.
Finished hogs, ready for market, weigh
approximately 240 lb.


Of the 3,039 animal operations in the
database, 2,585 were swine operations
(Figure 1). Facilities with missing data or
head counts < 250 were exduded. We located


the facilities within the state using latitude
and longitude data. For 257 facilities, geo-
graphic coordinates placed the facility outside
of the county of operation, outside the state,
or the coordinates were missing. Missing and
incorrect geocoordinates were corrected using
local maps, geographic information systems
software, and the driving instructions provid-
ed to state inspectors. The DWQ was con-
tacted to provide information for operations
that were missing road instructions or had
incomplete instructions, and on those that
were out of business. Operations with coor-
dinates inside the correct county were not
examined further. Three university-owned
operations, which are not subject to the same
commercial location considerations as other
facilities, were excluded from the analysis.
The remaining 2,514 swine CAFOs were
induded in the analysis (Figure 1).


We used geographic coordinates for the
swine operations to locate the facilities
within the boundaries of block groups. The
number of facilities in each block group was
the dependent variable in analyses quantify-
ing the association between number of hog
CAFOs and the characteristics of block
groups. Because airborne emissions from hog
CAFOs may affect the environment well
beyond their boundaries, we also conducted
analyses considering buffer zones of 1 and 2
miles, in which the count of operations for a
block group consisted of the number of hog
CAFOs that were within 1 or 2 miles of the
block group's boundaries.


Information on race, poverty, and water
source was obtained for 1990 census block
groups, the smallest geographical unit for
which economic and demographic data can
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Figure 1. The identification of swine CAFOs from the DWQ data, February 1998.


be obtained and the unit most closely
approximating neighborhoods or communi-
ties. The 1990 census provided the most
recent block group level geographic informa-
tion available, and corresponded to the time
during which hog production in North
Carolina began to accelerate rapidly. Three
environmental justice variables of interest
were defined as the percentage nonwhite
population, the percent of persons in pover-
ty, and the percent of households that used
well water. We also obtained the total num-
ber of persons, land area in square miles, and
population density for each block group.


Some areas of the state, including metro-
politan areas, have no presence of the com-
mercial swine production industry. These
areas, including mostly white Appalachia and
some largely African American areas in
central cities of the Piedmont, could have
skewed the evaluation of the relationship
between hog operations and the environmen-
tal justice variables. Therefore, we excluded
from the analysis 14 of the state's 100 coun-
ties that did not border a county with a hog
CAFO and the state's five cities with 1990
populations > 100,000. The remainder ofthe
state considered in the analysis included
4,177 block groups with a population of
approximately 4.9 million persons.


Relationships between the environmen-
tal justice variables (poverty, race, and water
source) and the presence of hog CAFOs
were first evaluated by summing the total
number of hog CAFOs in quintiles of the
distribution of each environmental justice
variable. Because quintiles have the same
number of block groups by definition, the
ratio of the number of hog CAFOs in each
higher quintile as compared to the lowest
quintile of the variable is equal to the preva-
lence ratio of the number of operations per
block group at higher levels as compared to
the lowest level. This unadjusted measure is
referred to as a crude ratio.


We prepared maps to show the spatial
distribution of the major study variables.
Chloropleth maps of poverty, race, and pop-
ulation density are keyed to bar graphs indi-
cating the numbers of block groups in each
category. Because block groups vary greatly
in land area and because the visual impact of
the chloropleth map is influenced by land
area, categories based on quintiles of block
groups are not sensitive to the spatial distrib-
ution of the variables. Therefore, we chose
category boundaries for maps to reflect the
distribution of each variable.


Agricultural operations of all types are
located in rural areas, where population densi-
ty is low and land is inexpensive. Rural areas
have higher poverty rates, much of the south-
ern Black Belt is rural, and rural areas are
often not served by municipal water systems.
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It was therefore of interest to determine the
extent to which excess numbers of hog opera-
tions in poor, nonwhite, and well-water-
dependent communities could be considered
a function of their low population density.
We used Poisson regression to model the
relationship between the natural log of popu-
lation density and the number of hog opera-
tions per block group. We used linear,
quadratic, and cubic terms for the log of
population density to obtain an adequate fit
of the model to the data. Higher order terms
did little to improve the fit ofthe model.


Because Poisson models were overdis-
persed (model deviance/degrees of freedom
> 1), we set the scale parameters for the
models equal to the overdispersion values,
which ranged from 1.6 to 1.8. We included
indicator variables to represent each of the
higher quintiles and we calculated the ratios
of the number of hog CAFOs in block
groups in each higher quintile of the envi-
ronmental justice variables as compared to
the lowest. We adjusted these ratios for pop-
ulation density using the cubic polynomial
regression. Models were fit separately for
operations under contract to corporate inte-
grators and for those that were independent.


Results
Figure 2 shows the locations of hog CAFOs
in North Carolina and the areas of the state
excluded from the analysis. Each red dot
represents one hog operation. The dense area
of operations in the southeastern part of the
state is centered on Duplin and Sampson
Counties, the two largest hog-producing
counties in the United States.


The size distribution of the 2,514 North
Carolina hog CAFOs is shown in Table 1.
The smallest 277 operations had an SSLW
of < 100,000 lb each, which accounted for
11.0% of the operations and 1.4% of the
state's SSLW. The SSLW of the largest 369
operations was . 1 million pounds, which
accounted for 14.7% of the operations and
44.4% of the SSLW in the state.


The geographic distribution of poverty is
shown in Figure 3. Figure 3B shows the
number of block groups in each category of
poverty. For example, the categories with
0-5 and 5-10% persons in poverty each
include approximately 1,000 block groups.
Low-poverty areas predominate in the cen-
tral Piedmont region of the state, whereas
the higher poverty areas are located in the
eastern coastal plain and in the northwest
region (the edge ofAppalachia).


Figure 4 shows the percentage nonwhite
population. Most of the approximately
1,800 block groups with < 10% nonwhite
population are located in the western part of
the study area. These include 454 block
groups that are 100% white. Areas with larger


proportions of nonwhite population (mostly
African Americans) are primarily in the east-
ern part of the state. An exception to the pri-
marily African American makeup of the
state's nonwhite population is Robeson
County, located just southeast of the angle
formed by the two straight lines along the
central southern boundary of state. Robeson
County is home to the Lumbee Indians and
its population is approximately one-third
Native American.


Table 2 presents the characteristics of
block groups in relation to the environmental
justice variables. Larger numbers of persons
in the lowest categories of poverty live in a
smaller land area, which results in higher
population densities in areas with less pover-
ty. Block groups in the lowest quintile of
poverty contained only 43 hog CAFOs with
17.5 million lb of hogs, an average of 406.8
thousand lb/operation. In comparison, there
are 225 hog operations in the second quintile


WO 0 10 tMiles


W2 Hog operations
[z] NCcountboundamies


Excluded block groups'


Figure 2. North Carolina study areas and locations of intensive hog operations, 1998.


Table 1. SSLW of North Carolina hog CAFOs, 1998.


SSLW (millions Operations Operations
of pounds) (n) (%)
0.02to<0.10 277 11.0
0.10 to < 0.25 583 23.2
0.25 to < 0.50 708 28.2
0.50 to < 1.0 577 23.0
1.0 to < 10.1 369 14.7
Total 2,514 100


soo"
C
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.m40U 00.2


Cumulative SSLW
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Figure 3. (A) The percent of persons in poverty in North Carolina, 1990. (8) The number of block groups in
each category of poverty.
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of poverty, 585 in the third, and > 800 in the
fourth and fifth quintiles. Increases in total
SSLW in areas with higher poverty levels are
due to both larger numbers of operations and
higher SSLW per operation.


Table 2 also shows the distribution of per-
sons, land area, and hog operations for cate-
gories of the percentage nonwhite population.
Population densities are lowest in the fourth
and fifth quintiles of the percentage nonwhite
variable. The 123 hog CAFOs in the lowest
quintile have an SSLW of 48 million lb. The
number of hog CAFOs in higher quintiles of
the percentage nonwhite population increases
to a maximum of 820 in the fourth quintile.
The largest SSLW is in the highest quintile,
513 million lb, and the average size of


operations increases with increases in the per-
centage nonwhite population.


Table 2 also presents information for
block groups in quintiles of percentage of
households using well water. This variable is
most clearly related to population density,
which declines from 1,315.4 persons/square
mile in areas where < 1% of households have
well water to 53.9/square mile in areas where
> 85% of households have well water. Only
five hog CAFOs, with a total SSLW of 1.2
million lb, are found in the lowest quintile of
well-water use. Almost half of all hog CAFOs
are located in block groups where > 85% of
households have well water.


Although Table 2 shows clearly that
there are more hog CAFOs in areas with


NU nuhiv Alm v%)


Nonwhkb poulationl (%)


Figure 4. (A) The percentage nonwhite population in North Carolina, 1990. (8) The number of block groups
in each category of the percentage nonwhite population.


higher percentages of persons in poverty,
nonwhite persons, and households that use
wells, it also shows that areas with the high-
est levels of these characteristics have lower
population density, indicating that they are
more rural areas. Population density is gen-
erally low throughout the eastern part of the
state as compared to much of the Piedmont
(Figure 5). Figure 6 shows that the number
of hog operations per block group is strongly
related to population density and that the
observed number of operations per block
group is predicted well by a cubic polynomi-
al on a log-log scale. The number of opera-
tions per block group is lowest at the highest
density, reaches a peak at approximately 20
persons/square mile, and declines somewhat
at the lowest levels of density. The total
number of operations in each category,
shown in Figure 6 beside the observed values
for the number of operations per block
group, shows that the vast majority of opera-
tions are in block groups with fewer than
100 persons/square mile.


Table 3 summarizes the relationship
between environmental justice variables and
the presence of hog CAFOs in terms of the
ratio of the number of operations per block
group among block groups in the higher
quintiles as compared to the lowest quintiles.
The crude ratio of the number of operations
per block group can be calculated from the
data in Table 2. The ratio, adjusted for popu-
lation density, is shown in the second column
under each variable in Table 3. The large
ratios for the higher levels of poverty, which
vary from 5 to 20, are substantially reduced
with adjustment for the rural nature of those
areas. Adjusted ratios increase in a stepwise
fashion with higher levels of poverty, from 3.0
in the second quintile to 7.2 in the highest.


Table 2. Characteristics of block groups in relation to poverty, race, and water source.


Block No. Land area Population Pounds SSLW per
groups persons (thousands density (people Total of hogs operation


Characteristic (n) (thousands) of square miles) per square mile) operations (millions) (thousands)
Poverty (%)
Oto<4.9 835 1,118 4.7 238.0 43 17.5 406.8
4.9to<8.8 835 1,069 7.2 148.0 225 100.6 447.0
8.8 to < 13.6 836 966 9.4 103.0 585 284.9 486.9
13.6to<21.0 835 930 11.3 82.1 850 503.6 592.5
21.0 to 100 836 853 9.4 90.5 811 534.3 658.8


Nonwhite (%)
Oto<2.3 835 840 7.3 114.5 123 48.0 390.2
2.3 to < 9.3 835 1,048 6.3 165.2 165 78.1 473.6
9.3 to < 20.8 836 1,039 8.0 129.5 623 306.2 491.5
20.8to<44.2 835 1,103 10.5 105.5 820 495.5 604.3
44.2 to 100 836 907 9.9 91.7 783 513.0 655.1


Well water (%)
O to < 1.0 835 897 0.7 1,315.4 5 1.2 246.0
1.0 to < 16.4 835 1,068 3.4 314.4 185 91.6 495.1
16.4 to < 46.1 836 1,039 8.3 124.5 386 205.9 533.4
46.1 to<85.5 835 1,020 12.7 80.5 734 450.5 613.7
85.5 to 100 836 914 17.0 53.9 1,204 691.6 574.4


Totala 4,177 4,937 42.1 117.4 2,514 1,440.8 573.1


&Sum for each variable.
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Crude ratios for the percentage nonwhite
population are smaller than the crude ratios
for the percent of persons in poverty, rang-
ing from 1.3 in the second quintile to 6.7 in
the fourth quintile. Furthermore, the ratios
are less affected by adjustment for popula-
tion density. The ratio for the second quin-
tile increases to 1.9, whereas ratios in the
fourth and fifth quintiles are somewhat
decreased. Adjusting for population density,
the third, fourth, and fifth quintiles of the
percentage nonwhite population have
approximately 5 times as many hog CAFOs
as those in the lowest quintile.


Hog CAFOs show a strong and monoto-
nically increasing relationship to the percent
of households using well water, with preva-
lence ratios ranging from 37.0 in the second
to 240.8 in the fifth quintile. Most of this
strong relationship, however, can be explained
by the lower population density of areas with
a high dependence on wells. Adjusted ratios
in higher quintiles as compared to the lowest
range between 4 and 5.


Table 4 shows the prevalence ratios for
hog CAFOs in block groups cross-classified
by poverty and the percentage nonwhite
population, adjusted for population density.
Block groups in the 0-5% poverty and 0-2%
nonwhite population category are considered
the referent group. Table 4 shows that
increases in the percentage nonwhite popula-
tion have litde effect on number of hog oper-
ations among block groups in the lowest
poverty group. Similarly, only modest increas-
es in the numbers of operations are seen with
increasing poverty levels among block groups
in the lowest percent nonwhite category.
However, prevalence ratios increase dramati-
cally in areas with higher proportions of
poor and nonwhite persons, reaching a ratio


of 9 times as many operations in block groups
with . 12% poverty and . 10% nonwhite
population, adjusted for population density.


Most of the growth in NC pork produc-
tion during the 1990s has been in large
operations managed for corporate integrators
rather than in independent operations.
Therefore, we repeated the analyses for
poverty and race separately for operations
that listed corporate integrators on their per-
mit applications (n = 1,603) and those that
did not (n = 911). Prevalence ratios for inte-
grator and independent CAFOs, adjusted for
population density, are shown in Table 5.
Although there is an excess of both types of
operations in areas with greater percentages
of poor and nonwhite populations, the
excess is substantially larger for integrator
operations at every level of poverty and race.
Among the areas in the poorest quintile of
block groups there are 20 times more inte-
grator CAFOs than in the least-poor quin-
tile, adjusted for differences in population
density, whereas the excess of independent
CAFOs in those areas is only 3.5 times.
Similarly, block groups in the highest three
quintiles of the percentage nonwhite popula-
tion show an excess of integrator operations
of 7 to 8 times, whereas the excess of inde-
pendent operations is approximately 3 times.


Our analyses reported above consider
only populations within the block groups
containing hog CAFOs as potentially affect-
ed. However, airborne emissions and water
pollution from CAFOs may travel some dis-
tance. Therefore, we reclassified the number
of hog CAFOs in each block group consider-
ing 1- and 2-mile buffers around each opera-
tion. In these analyses, the number of hog
operations in a block group is considered the
number within the block group's boundaries


plus the number within 1 or 2 miles of the
block group, under the assumption that
CAFOs located within 1 or 2 miles may
impact the populations of neighboring block
groups. We conducted analyses for the per-
cent of persons in poverty and the percent-
age nonwhite population using the cubic
polynomial model to adjust for population
density. The ratios for the percent of persons
in poverty were somewhat reduced, ranging
between 2.2 and 5.9 under 1 and 2-mile
buffers, as compared to a range of 3.0-7.2
with no buffer (Table 3). The ratios for the
percentage nonwhite population were simi-
lar to ratios using a zero buffer, ranging from
1.9 to 5.3.


Discussion
We examined the locations of North
Carolina's approximately 2,500 intensive hog
confinement facilities in relation to poverty
levels, race, and household water source of
neighboring populations. These facilities are
located disproportionately in communities
with higher levels of poverty, higher propor-
tions of nonwhite persons, and higher depen-
dence on wells for household water supply.
The disproportionate location ofhog CAFOs
in these areas raises numerous public health
and social justice issues (7,9,42,43). Intensive
swine production and its attendant pollution
are concentrated in areas of North Carolina
that have the highest disease rates (44,45),
the least access to medical care, and the great-
est need for positive economic development
and better educational systems (46). The
adverse effects of hog CAFOs on the quality
of life and on community aesthetics (29-31)
threaten the community economic and social
developments that are fundamental to
improved public health (47).


This study did not address siting deci-
sions for particular hog operations. The rea-
sons why a facility is located in a specific
place are, in some ways, particular to the his-
torical situation, business climate, local cul-
ture, and personal or family decision making.
However, the pattern of location of industries
reflects institutional factors and the political
and economic power of local populations.


50 1002IW 400 M 1,600 3.0 23,210
Population density (persons per square mile)


Figure 5. (A) North Carolina population density, 1990. (8) The number of block groups in each category of
population density.


Pupdmt.d (personsisquare mile)
Figure 6. Number of operations per block group in
relation to population density.


Environmental Health Perspectives * Volume 108, Number 3, March 2000 229







Articles * Wing et al.


Table 3. Crude and adjusted prevalence ratios of numbers of hog CAFOs per block group for quintiles of
poverty, nonwhite population, and well-water source.


Poverty (%) Nonwhite (%) Well water (%)
Crude Adjusted Crude Adjusted Crude Adjusted


Quintile ratio, ratiob ratioa ratiob ratioa ratiob
1.0 1.0 1.0 1.0 1.0 1.0


11 5.2 3.0 1.3 1.9 37.0 4.9
IlIl 13.6 5.5 5.1 5.1 77.2 4.2
IV 19.8 6.4 6.7 5.1 146.8 4.2
V 18.9 7.2 6.4 4.7 240.8 4.7


°Unadjusted ratio of number of operations, higher quintile as compared to the first quintile. bAdjusted for population den-
sity, cubic polynomial.


These institutional inequalities are critically
important issues to consider in addressing the
public health problem of the disproportionate
burden of polluting industries among poor
and nonwhite populations (1,2,5,40,48).


Both poverty and race are strongly related
to the location of hog operations, as shown in
Tables 2 and 3. However, the combination of
the two characteristics is of particular interest
(Table 4). Increasing levels of poverty have
only a modest effect in block groups with
< 2% nonwhite populations. Similarly,
increasing levels of nonwhite populations
have little effect on the prevalence of hog
operations among the block groups with
< 5% poverty. It is the combination of a high
percentage nonwhite populations and high
poverty levels that is associated with the great-
est excess of hog CAFOs, reaching a preva-
lence ratio of almost 10 for block groups with
2 12% poverty and > 10% nonwhite popula-
tion as compared to block groups with < 5%
poverty and < 2% nonwhite population.


The industrialization of agriculture has
brought about not only changes in size, but
also in ownership. All of the hog operations
considered in this research are large and fall
under state regulations for intensive livestock
operations. However, among these large
operations, some are owned and operated by
independent farmers who make their own
management decisions. Other operations are
owned by or are operated under contract
with large agribusiness integrators that own
and control the animals, feed, veterinary
supplies, transportation, financing, and mar-
keting of the product. Although both types
of operations are large and industrialized,
integrator operations have been responsible


Table 4. Adjusted prevalence ratios" of the
numbers of hog CAFOs per block group for block
groups classified by poverty and nonwhite
population.


Nonwhite (%)
Poverty(%) Oto < 2 2to < 10 10 to 100
0 to <5 1.0b(264)C 1.4(335) 1.1 (254)
5 to< 12 1.8 (341) 3.6 (419) 7.0 (635)
12to 100 1.7 (186) 3.1 (202) 9.6(1,541)
'Adjusted for population density, cubic polynomial.
bReferent group. cNumber of block groups in parentheses.


for most of the recent expansion of the
industry (7). Because of their corporate
structures, they may be in the best position
to locate facilities based on economic consid-
erations such as proximity to other operations,
transportation routes, and slaughterhouses,
as well as low land prices and the low local
political power of host communities. Fur-
thermore, there is a net decrease in jobs in
regions where hog production has been
industrialized because of the displacement of
the independent producers who purchased
locally (49). The concentration of hog
CAFOs in poor and nonwhite areas is much
greater for integrator than for independent
operations (Table 5). Because the industry is
moving rapidly toward greater economic
concentration while family-owned businesses
are in decline (9,10,50), the evidence of
greater environmental injustice for integrator
operations suggests that this problem may
increase in the future.


This study was conducted using census
block groups as the units of analysis. These
areas, averaging approximately 500 house-
holds, are the smallest unit for which popu-
lation data are available from the U.S. census
and should provide better sensitivity and
specificity to the characteristics of popula-
tions in greatest proximity to hog operations
than would larger geographic units. The
most recent block group data available are
from 1990; more recent economic data from
other sources are not available with this level
of geographic detail. In any case, 1990 is an
appropriate year for which to measure socioe-
conomic characteristics in our study of the
location of hog operations because the peri-
od of rapid growth in the industry began in
the late 1980s.


We depended on data from the DWQ
for information on the locations and charac-
teristics of intensive livestock operations in
February 1998. Because a moratorium on
the construction of new industrial operations
was imposed by the North Carolina General
Assembly in March 1997 (7) and has not yet
been lifted (as of 1999), information from
1998 remains relevant. However, the validity
of analyses reported here depend on the
quality of information recorded by the state.
We detected and corrected hundreds of
errors in latitude/longitude coordinates for
North Carolina hog CAFOs that were not
located in the correct county according to
the database (Figure 1). The extent of with-
in-county errors in the data is unknown.
Information on the size of the operation
depends on the quality of data provided by
the operator. The database contains infor-
mation on a number of other characteristics
of interest, such as the start date of the oper-
ation, the size and number of cesspools, and
the acreage of spray fields. Unfortunately,
these data were too incomplete to use in our
analyses. Future studies of environmental
justice and public health impacts of this
industry would benefit from more complete
and accurate data.


The public health implications of envi-
ronmental injustice in the North Carolina
hog industry are ofspecial concern. Exposures
in the environment ofconfinement houses are
clearly related to impaired respiratory func-
tion, occupational asthma, and organic dust
syndrome (51). This is an occupational health
concern in areas with a large industry pres-
ence. In addition, environmental exposures to
airborne emissions from hog CAFOs may be
associated with respiratory effects (29,30) and
impaired mood (32,33) in neighboring popu-
lations. Groundwater from hog CAFOs has
been contaminated by nitrates in North
Carolina (34). This is a special concern con-
sidering the findings presented here, which
show that approximately half of the hog
CAFOs are located in block groups of the
state where > 85% of households depend on
well water for drinking (Table 2). The eastern
coastal plain of the state where most opera-
tions are located (Figure 1) has sandy soils
and high water tables that facilitate the move-
ment of water pollution from cesspools and


Table 5. Adjusted prevalence ratiosa of the numbers of hog CAFOs per block group for quintiles of poverty
and nonwhite population: integrators and independents.


Poverty (%) Nonwhite (%)
Quintile Integrators Independents Integrators Independents


1.ob 1.0b 1.0b 1.0b
11 7.2 1.9 2.4 1.5
Ill 16.2 2.7 7.5 3.4
IV 17.7 3.5 8.0 2.9
V 20.7 3.5 7.0 3.0


'Adjusted for population density, cubic polynomial. bReferent group.
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spray fields into groundwater, and older rural
homes occupied by the poor and people of
color often have shallow wells with less pro-
tection from contamination. Surface water
pollution is a concern because of the spread of
microbial contamination and the nutrient
loading of rivers and estuaries.


Community concerns about environ-
mental injustice in the distribution of hog
operations in North Carolina are real. Pre-
dominantly poor and nonwhite communi-
ties that host a disproportionate number of
hog CAFOs have a great need for positive
economic development, environmentally
sound industry, and better schools and med-
ical care. Such community resources are
important to public health (47). However,
future prospects for these communities are
threatened by an industry that produces
highly obnoxious odors and reduces the qual-
ity of life for neighbors (29-31), which can
hamper the growth of cleaner industries,
reduce land values, and contribute to loss of
locally owned land (9,40). Our findings
should be taken into consideration as growth,
technological change, and environmental
remediation in the industry are considered.
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Hydrogen sulfide concentrations at three middle schools near
industrial livestock facilities
Virginia T. Guidry1, Alan C. Kinlaw1, Jill Johnston2, Devon Hall3 and Steve Wing1


Safe school environments are essential for healthy development, yet some schools are near large-scale livestock facilities that emit air
pollution. Hydrogen sulfide (H2S) from decomposing manure is an indicator of livestock-related air pollution. We measured outdoor
concentrations of H2S at three public middle schools near livestock facilities in North Carolina. We used circular graphs to relate H2S
detection and wind direction to geospatial distributions of nearby livestock barns. We also used logistic and linear regression to
model H2S in relation to upwind, distance-weighted livestock barn area. Circular graphs suggested an association between upwind
livestock barns and H2S detection. The log-odds of H2S detection per 1000 m2 increased with upwind weighted swine barn area
(School A: β-coefficient (β) = 0.43, SE = 0.06; School B: β= 0.64, SE = 0.24) and upwind weighted poultry barn area (School A: β= 0.05,
SE= 0.01), with stronger associations during periods of atmospheric stability than atmospheric instability (School A stable: β= 0.69,
SE= 0.11; School A unstable: β=0.32, SE = 0.09). H2S concentration also increased linearly with upwind swine barn area, with greater
increases during stable atmospheric conditions (stable: β=0.16 parts per billion (p.p.b.), SE = 0.01; unstable: β= 0.05 p.p.b., SE = 0.01).
Off-site migration of pollutants from industrial livestock operations can decrease air quality at nearby schools.
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INTRODUCTION
A healthy school environment is important for both proper
physiologic development and maximal educational performance.
Children spend many hours each week at schools where
pollutants can impact their health.1,2 Schools in low-income
communities of color are especially vulnerable to pollutants and
there is a lack of federal policies in the United States to protect
schools.1,3 Good air quality is a key determinant of healthy school
environments.
One source of air pollution in rural North Carolina (NC) is


industrial livestock production facilities. Over the past several
decades, the majority of livestock agriculture in NC and across
the United States has shifted from small farms with relatively
few livestock and complementary crop production to industrialized
facilities with large barns housing thousands of animals in
confinement. In NC, 99.8% of swine are produced at facilities
selling at least 2000 swine annually, and 99.6% of broilers (meat
chickens) are produced at facilities selling at least 30,000 broilers or
more annually.4 Such facilities are concentrated in Eastern NC, an
area that includes the 10 most swine-dense counties in the United
States.5


Although numerous studies indicate that children who grow up
on farms have a lower incidence of allergy and asthma-related
symptoms,6,7 other studies have found detrimental effects from
exposures related to industrial livestock production. Excess
asthma-related outcomes have been associated with home
exposures to swine facilities, especially among children growing
up on swine farms that add antibiotics to feed for growth


promotion.8 In addition, children whose residences are frequently
downwind of industrial swine facilities have increased prevalence
of physician-diagnosed asthma and self-reported wheeze medica-
tion usage compared with children with lower relative swine
facility exposures.9 Several cross-sectional studies have reported
excess asthma or asthma symptoms among children who attend
schools near industrial swine facilities.10,11 In NC, there are higher
proportions of low-income children and children of color at
schools near industrial swine facilities than at more distant
schools.12


Livestock facilities produce a mixture of harmful pollutants,
including hydrogen sulfide (H2S), respirable particulate matter, and
ammonia. H2S is an odorous gas generated by anaerobic
decomposition of manure13,14 and can serve as a marker for this
mixture. Ammonia, another odorant compound, is released from
urinary urea and fecal urease enzymes in animal waste.14 In
addition, hundreds of volatile organic compounds (VOCs) con-
tribute to characteristic malodors associated with concentrated
animal feeding operations (CAFOs).15 Particulate matter o10 μm
in aerodynamic diameter (PM10) is generated directly from animal
feed, fecal matter, dander, endotoxins, bacteria, and molds, as well
as indirectly from gaseous emissions. Ammonia can react with
acidic atmospheric species and form fine particulates.13,14,16,17 The
ventilation of barns, the storage of animal waste, and the spraying
or spreading of waste on fields release these particles and gases
into the air.
To further investigate school exposures, a team of researchers
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members of the Rural Empowerment Association for Community
Help (REACH) collaboratively developed the Rural Air Pollutants
and Children’s Health (RAPCH) study. We aimed to measure
industrial livestock-related air quality at schools in rural eastern NC
and potential associations with acute student health outcomes,
while also providing educational benefits to students and their
communities.18 Here, we summarize the measured pollutant
concentrations at school sites and quantify their relationships
with the geospatial distributions of nearby industrial animal
confinements and concurrent meteorological conditions.


MATERIALS AND METHODS
School Recruitment
In 2008, REACH staff contacted local school administrators and recruited
four schools to participate in a pilot study to determine whether we could
measure livestock-related pollutants onsite. In 2009, two schools from the
pilot study plus a third school recruited by REACH were invited to
participate in a longer exposure assessment study. After administrators
approved participation, representatives from both REACH and UNC met
with school staff to review study protocols and discuss logistics such as
data collection schedules and placement of air quality monitors. The UNC
institutional review board (IRB) annually reviewed and approved study
activities.


Air Pollutant and Meteorological Data
We monitored H2S and PM10 during three time periods in 2009: 21
February to 20 March, 28 March to 8 May, and 6 September to 25
November. Each sampling period lasted at least 4 weeks and consisted of
measurements at a single school. We placed a set of active air monitors
outside the school buildings at a site recommended by school staff.
Instruments were stored in large cases with intake tubing for protection
from tampering and weather.
We used MDA Scientific Single Point Monitors (SPMs) (Honeywell


Analytics, Lincolnshire, IL, USA) to measure 15-min concentrations of H2S
in parts per billion (p.p.b.) at all three schools. The SPM had a limit of
quantification (LOQ) of 1.0 p.p.b. determined via laboratory tests by UNC
researchers (M Boundy, personal communication). At School A, we also
deployed a more sensitive Thermo Hydrogen Sulfide—Sulfur Dioxide
Analyzer (Thermo Fisher Scientific, Waltham, MA, USA) to measure H2S
alongside the SPM. The Thermo had recently become available for use and
had an LOQ of 0.5 p.p.b. for 5-min concentrations, similar to the minimum
reported odor threshold of 0.5 p.p.b.19 For both H2S monitors, we retained
all detected values that were recorded, including those below the LOQ. We
replaced non-detected values for the SPM with LOQ/√2.20–22 For example,
in 1 h with 15-min concentration readings of non-detect, 0.58, 1.85, and
3.52 p.p.b. from the SPM, we would have reported an hourly average H2S
concentration of ((1/√2)+0.58+1.85+3.52)/4= 1.66 p.p.b. We also performed
sensitivity analyses for SPM results in which all non-detected values were (1)
replaced with 0, (2) replaced with LOQ/2, and (3) replaced with the LOQ.
We also used DustTrak Aerosol Monitors (TSI, Shoreview, MN, USA) to


measure PM10 concentrations as low as 1 μg/m3 every 5 min. Observed
measurements were divided by 2.41 to account for the difference in light
scatter between Arizona road dust, to which the DustTrak is calibrated, and
particulates in rural eastern NC (J Tarman, unpublished results). REACH staff
members checked instrument function almost daily and notified UNC staff
of malfunctions for prompt resolution. Every week we downloaded data and
performed quality control procedures, including using a high and low
standard to verify the performance of the optical system. H2S instruments
were calibrated using varied H2S permeation tubes with a range of
concentrations (1.59, 3.28, 4.29, 6.19, 11.13, 54.2, and 75 p.p.b.) before
deployment.
We obtained meteorological data for weather stations nearest to the


schools from the online NC Climate Retrieval and Observations Network of
the Southeast (CRONOS) database operated by the NC State Climate Office
and NC State University. We used hourly data from two NC Environment
and Climate Observing Network (ECONet) weather stations, assigning the
closest weather station to each school (13.7–17.4 km away). We down-
loaded solar radiation, wind speed, and wind direction data. We used solar
radiation and wind speed to generate hourly Pasquill–Gifford atmospheric
stability categories ranging from A to F using the Solar radiation/delta-T
(SRDT) method.23 During the day—defined as time when solar radiation
was 40 W/m2—classification of atmospheric stability was based on solar


radiation and wind speed (in m/s). During the night—defined as time
when solar radiation was equal to 0 W/m2—atmospheric stability
classification was based solely on wind speed because data on vertical
temperature gradient were not available. Using these measurements, we
then collapsed categories to generate a binary atmospheric stability
variable for every hour with categories A–C as “unstable” and categories
D–F as “stable.” We then created hourly records by merging pollutant
concentrations, meteorological variables, and atmospheric stability class by
date and hour.


Geospatial Data on Livestock Barn and Waste Lagoon Locations
There are no publicly available data with geospatial information for all
livestock operations in NC. Therefore, we used high-resolution digital
aerial imagery data (henceforth, orthoimagery)24 to generate an original
database containing information on the location and size of livestock barns
and swine waste lagoons near the participating schools. We obtained
complete orthoimagery for eastern NC through the NC OneMap Geospatial
Portal,25 a publicly available online source for geographic information
systems (GIS) data. We downloaded tiled raster data (GeoTIFF format, 6-
inch ground resolution) published online in December 2010 by the
Geospatial and Technology Management Office in the NC Department of
Crime Control and Public Safety;26 no accurate orthoimagery for our study
area was available before 2010. All data were referenced to the NC State
Plane Coordinate System, NAD83, North American Datum, readjusted to
the National Spatial Reference System of 2007. To integrate the NC
OneMap orthoimagery with data for geocoded schools and weather
stations, we created a file geodatabase in ArcGIS software, version 10.1,
Service Pack 1 for Desktop.27 We made a mosaic data set from the tiled
raster data, compressed it using the LZ77 lossless method,27 and used the
closest equivalent spatial reference available in ArcGIS to overlay all data.
After establishing the geodatabase, we defined three distinct study


areas by demarcating a circle with radius of 5 km around each school’s
geocoded central point; this 5-km radius corresponds to the documented
distance H2S can travel from large swine facilities28 as well as the proximity
of industrial livestock facilities in previous studies that documented excess
asthma-related symptoms.9,10 Within each school’s surrounding 79-km2


circle, we visually inspected orthoimagery in ArcGIS (at scale 1:15,000) to
identify swine and poultry barns and swine waste lagoons.
We identified livestock barns based on their unique shapes and sizes, and


by the presence of adjacent feed towers; we were careful not to include
greenhouses, hoop houses, or storage sheds. We assumed any livestock
barns without a nearby waste lagoon were poultry barns that typically use a
dry waste system.29 To convert the imagery to data on the size and location
of each livestock barn, we manually added a polygon feature to the
geodatabase (at scales ranging 1:200–1:800) over the boundary of each barn.
We identified swine waste lagoons based on their color, shape, size, and


proximity to swine barns. Although farm ponds are common at swine
facilities, their varied shapes and locations are easily distinguished from the
standard border types for swine waste lagoons near barns. We used state
permit data from NC Department of Environment and Natural Resources
Division of Water Quality to ensure that we did not misclassify any poultry
layer operations—which also produce liquid waste—as swine facilities. Just
as we did for livestock barns, at scales ranging 1:200–1:2500, we encoded a
polygon feature over the boundary of each swine waste lagoon. Using the
polygons to represent barns and lagoons, we calculated the area of each
barn and lagoon, as well as the location of the feature’s centroid relative to
its corresponding school.


Data Analysis
Lacking accurate data on the number and weight of animals at each facility
during the study period, we used barn area, which typically reflect a
standard density of animals, as a proxy for the intensity of pollution-
generating activities. We used hourly measurements of meteorological
conditions and time-fixed geospatial data on livestock barn locations to
compute hourly values for inverse distance-weighted livestock barn area
located upwind of each school. Our computations were based on a
previously published method for generating an exposure index.9


Within the circle around each school defined by a 5-km radius, we
measured the area of each barn, A, in m2 and the distance, d, between the
barn centroid and the school centroid in m. We computed the weighted
area for each barn by multiplying its area by the inverse of distance-
squared (1/d2), assuming non-linear distance decay.28 For each hour of the
day, using compass directions in degrees (°) to characterize the average
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wind direction and barn locations, we defined upwind barns as those
having a centroid within 15° of the average wind direction. Thus, for each
school we computed hourly values for the sum of distance-weighted
upwind barn area, E(h), separately for swine and poultry barns as follows,


EðhÞ ¼
Xn


i¼1


Ai
d2i
I½wðhÞ - 15�ci <wðhÞ þ 15�


where n is the number of barns around the school, A is the area of barn i,
and d is the distance between the centroid of barn i and the school
centroid. A barn centroid, ci, has to fall within 15° of the hourly wind
direction at hour h, w(h), to contribute to the sum of distance-weighted
upwind barn area. Therefore, I[w(h)-15p ciow(h)+15] returns a value of 1
if w(h) is within 15° of ci, else 0. To conceptualize this degree-based
criterion using distance, the required proximity (in km of arc length) of a
barn to the hourly wind direction is given by 15/360× 2πd; for example, a
barn d=3.6 km from a school must be p 0.94 km from the hourly wind
direction to contribute a detected value to that school’s E(h) measure in
that hour.
For the circular graphs, we plotted the locations of swine and poultry


barns within 5 km of each school, as described above, using ArcGIS


software.27 For clarity of display, we clustered barns together when located
within 76.2 m (250 ft) of one another and represented the summed area of
clustered barns with proportionately sized symbols. We categorized hourly
average wind direction into 72 overlapping 30° categories, with the center
of each subsequent category increasing 5°, for example, centered on 0°
and ranging 345–15°, centered on 5° and ranging 350–20°, and so on. We
then generated figures showing the wind rose for each school’s data
collection period. These show the relative frequency of average hourly
wind directions and atmospheric stability for each direction, using 12
categories for wind direction for clarity of display. We generated a third
series of figures showing the proportion of hourly records with H2SX LOQ,
using 72 categories for wind direction. The wind rose and circular plots
were generated using R software (R Foundation for Statistical Computing,
Vienna, Austria) with the following packages: plotrix30 and openair.31


We used logistic and linear regression models to compare upwind
weighted barn area (independent variable) with measured H2S concentra-
tions (dependent variable). Dependent variables in logistic regression
models were detection versus non-detection of H2S detection versus non-
detection (i.e., SPM: X 1.0 p.p.b. versus o1.0 p.p.b.; Thermo: X 0.5 p.p.b.
versus o0.5 p.p.b.) in relation to upwind weighted barn area (per 1000 m2


increase in barn area); these models were fit separately for swine and
poultry barns.
For School A, where the Thermo instrument provided more sensitive H2S


detection, we also used linear regression to model changes in H2S
concentration (p.p.b.) in relation to upwind weighted barn area (per
1000 m2 increase in barn area). For analysis at School A, we also ran
separate models under each classification of atmospheric stability (i.e.,
stable and unstable), fit separately for swine and poultry barns. We used
SAS software Version 9.3 (SAS Institute, Cary, NC, USA) to run regression
models.
Because our study involved neither random sampling nor random


allocation, results may be due to the factors under investigation,
unmeasured factors, or measurement error, but not chance. Therefore,
we do not report P-values or confidence intervals.32,33 For logistic models,
we report β-coefficients and SE; 95% confidence intervals can be
calculated by adding and subtracting 1.96 × SE from β. We also report χ2


test statistics with 1 degree of freedom (d.f.). Higher χ2 values indicate
greater improvement in model fit upon addition of the variable for
upwind weighted barn area; in a randomized study with 1 d.f., χ2 values
43.84 would indicate a two-tailed Po0.05. For linear regression models
we report β, SE, and t-values (i.e., β/SE) as indicators of improved model fit.
With large sample sizes, as in this study using hourly measurements,
t-values 41.96 would approximate a two-tailed Po0.05 in a
randomized study.


Code availability. SAS code for computing distance-weighted upwind
barn area and conducting regression analyses can be obtained by
contacting the corresponding author.


RESULTS
School A had both the greatest number of livestock barns nearby
and the closest barns (Table 1). Despite differences in total
numbers, the cumulative swine barn area was similar across
schools because individual swine barns around School A were
smaller than around other schools (median: School A = 636 m2;
School B = 822 m2; School C = 774 m2). The ratio of total swine
lagoon area to barn area was consistent across schools (range:
2.4–2.7). The larger total area of the poultry barns reflects their


Table 1. School exposure characteristics and student enrollment.


Characteristic School A School B School C


Total number within 5 km
Swine barns 95 68 68
Swine lagoons 29 31 29
Poultry barns 70 31 43


Total area within 5 km (1000 m2)
Swine barns 60.6 60.3 58.6
Swine lagoons 150.4 163.1 140.8
Poultry barns 130.5 70.3 67.5


Distance from schools (km)
Swine barns
Minimum 0.9 1.0 2.3
25th percentile 2.3 3.0 3.3
Median 2.7 3.9 4.1
75th percentile 4.3 4.6 4.4
Maximum 5.0 5.0 4.8


Swine lagoons
Minimum 0.9 0.9 2.2
25th percentile 2.3 2.4 3.4
Median 3.0 3.2 4.3
75th percentile 4.4 4.6 4.6
Maximum 5.0 4.9 4.9


Poultry barns
Minimum 0.5 1.0 1.9
25th percentile 2.8 3.4 3.9
Median 3.5 4.6 4.2
75th percentile 4.2 4.7 4.4
Maximum 4.9 4.8 4.9


Days of data collection 69 35 28
Hours of data collection 1588 798 648
Student enrollment for 2009–2010 428 493 223


Table 2. Frequency of hydrogen sulfide (H2S) detection and mean hourly concentrations (p.p.b.).


School (instrument) Number of hourly
records (N=3034)


Number (%) of
hours with H2S X LOQa


Mean (SE)
concentration for hours
with H2S X LOQ (p.p.b.)b


Number (%) of
hours with detected H2S


Mean (SE)
concentration for hours
with H2S 40 (p.p.b.)b


School A (Thermo) 1325 764 (57.7) 0.79 (0.02) 1325 (100.0) 0.53 (0.02)
School A (SPM) 1546 94 (6.1) 1.35 (0.11) 533 (34.5) 0.81 (0.02)
School B (SPM) 797 5 (0.6) 1.12 (0.28) 67 (8.4) 0.71 (0.02)
School C (SPM) 647 25 (3.9) 1.26 (0.11) 204 (31.5) 0.78 (0.02)


aLOQ for Thermo was 0.5 p.p.b.; LOQ for SPM was 1.0 p.p.b. bMean of observed detected measurements and, for the SPM, replacement of zeros with LOQ/√2.
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larger size per barn in comparison with standard swine barns
(median: School A = 2032 m2; School B = 2528 m2; School
C = 1383 m2). The longest data collection period was at School A.
For most records, 15-min H2S concentrations measured with the


SPM were below the LOQ. Therefore, we present the number and
percentage of hours with detected H2S, followed by the mean
concentrations only among these hours (Table 2). However, using
the more sensitive Thermo at School A, 58% of hours had
measured concentrations above the LOQ, and 100% of hours had
mean concentrations 40 p.p.b. Schools’ hourly mean concentra-
tions were more similar when detected values below the LOQ
were retained and non-detected values were replaced by LOQ/
√2. SPM results were similar regardless of the method used to
replace values below the LOQ.
Mean hourly PM10 concentrations ranged from 9.47 μg/m3


(SE = 0.18) at School B to 12.74 μg/m3 (SE = 0.24) at School C,


and based on the 95th percentile the greatest hourly concentra-
tion was 29.15 μg/m3 at School A. Hourly PM10 values were low, on
average, and we observed little association with upwind livestock
barn area in circular plots and regression models (data not shown).
Figure 1 shows data for School A regarding the geographic


distribution of surrounding swine and poultry barns (Figure 1a),
the wind rose demonstrating atmospheric stability measurements
during data collection (Figure 1b), and the proportion of
measurements with detected H2S by direction based on the
SPM (Figure 1c) and Thermo (Figure 1d) instruments. Swine and
poultry barns were frequently collocated around School A, with
most barns located to the southwest, south, and southeast of the
school (Figure 1a). During the study period, the wind infrequently
came from the directions with the greatest concentration of
livestock barns (Figure 1b). Although there were relatively fewer
livestock barns within 5 km northeast of the school, the wind most


Figure 1. School A. (a) Livestock barns within 5 km, (b) wind rose and atmospheric stability by wind direction during data collection, (c)
hydrogen sulfide detection (X1.0 p.p.b., SPM instrument) by wind direction, and (d) hydrogen sulfide detection (X0.5 p.p.b., Thermo
instrument) by wind direction.
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frequently came from that direction, sometimes with wind speeds
416 km/h (10 mph) (Figure 1b) that could facilitate the transport
of pollutants and increase the occurrence of detected
concentrations.34 We observed a high proportion of records with
detected H2S X LOQ when the wind was from the southwest,
south, and southeast (often in excess of 0.70, based on Thermo
measurements). The proportion of hours with detected H2S
X LOQ was lower for the SPM instrument (Figure 1c) than the
Thermo (Figure 1d). Using the Thermo instrument, we also
observed a high proportion of records with detected H2S X LOQ
when the wind was coming from the northeast (Figure 1d).
For School B, most nearby swine barns were located in the


northeast quadrant, several poultry barns were in the southeast,


and few livestock barns were in close proximity to the school
(Figure 2a). During data collection the wind mostly originated
from the southwest (Figure 2b), an area with few livestock
barns within 5 km (Figure 2a). Using the SPM, the proportion
of measurements with detected H2S X LOQ was very low
(Figure 2c), measured during the infrequent hours when wind
originated from the northeastern and eastern directions.
For School C, there were livestock barns toward both north and


south, but none were less than 2 km from the school (Figure 3a).
Wind direction was more evenly distributed for School C than for
the other schools (Figure 3b). We observed lower proportions of
SPM measurements with detected H2S X 1.0 p.p.b. by wind
direction at School C compared with SPM measurements at


Figure 2. School B. (a) Livestock barns within 5 km, (b) wind rose and atmospheric stability by wind direction during data collection, and (c)
hydrogen sulfide detection (X1.0 p.p.b., SPM instrument) by wind direction.


Figure 3. School C. (a) Livestock barns within 5 km, (b) wind rose and atmospheric stability by wind direction during data collection, and (c)
hydrogen sulfide detection (X1.0 p.p.b., SPM instrument) by wind direction.
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School A, and we did not see a consistent pattern between
detected H2S and upwind barn locations (Figure 3c).
In Table 3, we present the results of separate logistic models for


swine and poultry barns that quantify relationships between H2S
detection (X LOQ) and upwind weighted barn area. At School A,
which had the longest data collection and the most sensitive H2S
instrument, the log-odds of H2S detection increased by 0.43
(SE = 0.06) with each additional 1000 m2 of upwind weighted
swine barn area, and 0.05 (SE = 0.01) for each additional 1000 m2


of upwind weighted poultry barn area. The large χ2 values (1 d.f.)
for these coefficients are indicative of the substantial contribution
of upwind weighted livestock barn area to prediction of H2S
detection. The log-odds for upwind weighted swine barn area
increased by 0.64 (SE = 0.24) at School B; upwind weighted poultry
barn area was negatively associated with H2S detection, but this
relation was imprecise. Relationships for School C were negative
but imprecise for both upwind swine and poultry area. We
repeated these analyses including observed concentrations below
the LOQ and replacing SPM 15-min non-detects with LOQ/√2;
β-coefficients and SEs were within 0.01.
We also assessed relationships between upwind weighted barn


area and H2S concentrations across strata of atmospheric stability
at School A, the only school with sufficient data for this analysis
(Table 4). For swine barns, we observed a greater increase in log-
odds of H2S detection during stable conditions (β= 0.69, SE = 0.11)
compared with unstable conditions (β= 0.32, SE = 0.09). Using
linear regression to model H2S concentration at School A, we
found that an increase of 1000 m2 of upwind weighted swine barn
area was associated with an additional 0.16 p.p.b. of additional H2S
(SE = 0.01) during stable conditions; during unstable conditions,
we observed an attenuated (β= 0.05 p.p.b., SE = 0.01) positive
association between upwind weighted swine barn area and H2S p.
p.b. We observed similar patterns with upwind poultry barns,
although the β-coefficients for increases in log-odds of H2S
detection and H2S concentration were considerably smaller.


DISCUSSION
Ambient air pollution at schools is a particular concern for children
because of their developmental susceptibility to pollutants and
high breathing rates compared with adults.35 Furthermore, during
the academic year, children spend a substantial proportion of their
waking hours at school. The concentration of livestock production
since the mid-1900s has brought industrial air pollution problems,
formerly the province of urban areas, to rural farming commu-
nities including public schools attended by a majority of children.
H2S is one of many chemical compounds released by industrial


livestock facilities. It is also emitted by other industrial facilities
including petrochemical refineries, paper mills, wastewater
treatment plants, and landfills;36 however, it is not a ubiquitous
regional pollutant. There are no other point sources of hydrogen
sulfide within the 5-km radii around each school; the closest
potential source is a wastewater treatment plant 10.1 km from one


of the study schools. Therefore, we consider detection of this
compound as an indicator of the presence of livestock-related air
pollution at school. Furthermore, using hourly concentrations and
wind direction we demonstrated strong spatial and temporal
associations between the size and distance of upwind livestock
facilities and H2S concentrations. Our analysis did not account for
temporal autocorrelation between H2S measurements. At the
study school with the largest numbers of measurements and the
more sensitive monitor, we found that associations between H2S
and upwind weighted barn area were stronger during stable
compared with unstable atmospheric conditions. These data
provide convincing evidence that upwind livestock facilities were
the source of H2S at the study schools.
H2S is only one component of a complex mixture of gases and


particles emitted by livestock facilities, including over 300 VOCs and
ammonia.13,15,16 H2S concentrations were low outside of study
schools, but indicated the presence of livestock-related plumes. H2S
concentrations have been used as a specific marker of the complex
mixture of swine-related air pollution in studies of adult neighbors
that have found H2S to be related to reported hog odor,34 mucous
membrane irritation and respiratory symptoms,37,38 stress and
anxiety,39 and increased blood pressure.40 Because of its relatively
low concentration and the co-occurrence of a large number of
other pollutants, these effects on health and quality of life cannot
be attributed to H2S per se, but rather to the complex mixture of
which H2S is a part.
Although these studies have found harmful effects from air


pollution exposures related to industrial livestock production,
other studies have found livestock-related air pollution exposure
to be protective, even in adults who do not live on farms.41


One study found a lower prevalence of chronic obstructive
pulmonary disease among adults living near farms, although
adults already diagnosed with COPD were more likely to experience
exacerbations.42 Conflicting results may occur because of differ-
ences in livestock operation size, livestock production practices,
microbial exposures, or susceptibility of nearby populations.
Although PM10 is another component of this mixture, we did


not find it to be related to upwind weighted livestock barn area.
There are several possible explanations for this finding. PM10 is a
ubiquitous air pollutant that is not specific to livestock production.
In addition to common stationary and mobile sources, PM10 arises
from common agricultural activities including tilling, planting,
fertilizing, harvesting, and burning. We did not have measures of
these sources for the present study. Furthermore, gases can persist
longer and travel farther than coarser particles.13 The average
hourly PM10 concentrations we observed (9.47–12.74 μg/m3 across
schools) are within range of expected values in this rural area. The
closest US Environmental Protection Agency ambient air quality


Table 3. Change in log odds of hydrogen sulfide (H2S) detection per
1000 m2 increase in upwind weighted livestock barn area at each
school.


School (instrument) Swine Poultry


β SE Χ2 (1 d.f.) β SE Χ2 (1 d.f.)


School A (Thermo) 0.43 0.06 46.00 0.05 0.01 24.84
School A (SPM) 0.43 0.05 66.82 0.07 0.01 61.10
School B (SPM) 0.64 0.24 6.96 − 1.94 3.33 0.34
School C (SPM) − 0.94 0.69 1.88 − 0.27 0.36 0.57


Table 4. Change in log odds of hydrogen sulfide (H2S) detection
(using logistic regression) and change in H2S concentration (using
linear regression) per 1000 m2 increase in upwind weighted livestock
barn area at School A, stratified by atmospheric stability classification.


Swine Poultry


Detection (X0.5 p.p.b.) β SE Χ2 (1 d.f.) β SE Χ2 (1 d.f.)


All stability categories 0.43 0.06 46.00 0.05 0.01 24.84
Stable 0.69 0.11 42.86 0.07 0.02 20.68
Unstable 0.32 0.09 12.84 0.05 0.01 11.96


Concentration (p.p.b.) β SE t-value β SE t-value


All stability categories 0.12 0.012 10.45 0.02 0.002 9.39
Stable 0.16 0.014 11.11 0.03 0.003 10.07
Unstable 0.05 0.011 4.28 0.01 0.002 4.30


All hydrogen sulfide data from the Thermo instrument.
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monitor reports 22 and 28 μg/m3 as the annual second maximum
24 h average for 2009 and 2010 respectively.43


In this study we lacked measurements of many key variables
that contribute to H2S concentrations at schools. These include
operating schedules at individual livestock facilities (use of
ventilation fans, opening side walls, flushing liquid manure, or
removing dry manure), three-dimensional wind speed and
direction between the livestock facilities and schools, presence
of barriers (like forests), and extent of oxidation of H2S into sulfur
dioxide (SO2) and sulfate compounds.36 Such information would
potentially improve the modeling of H2S concentrations at schools
downwind of livestock facilities. Furthermore, we were not able to
monitor H2S for extended time periods (multiple seasons at each
school), and the prominent wind directions during the study did
not correspond to the directions of higher livestock density. This is
not a reflection of the annual wind directions in the areas; rather, it
is a consequence of the time periods of monitoring.
In conclusion, we detected H2S, a signature livestock-related air


pollutant, at school sites and found it to be associated with
upwind livestock barn area. In the rural study area, which lacks
other point sources of H2S, this evidence shows that air pollution
from industrial livestock operations reaches nearby public schools.
H2S serves as a marker for a complex mixture of emissions from
livestock operations that may be harmful to the respiratory health
and educational experience of children who live in communities in
eastern NC. In addition, children attending these schools are
disproportionately low-income students of color, and therefore
these exposures constitute an environmental injustice. Future
research should explore the impacts that school exposures to
livestock-related air pollutants have on health and educational
outcomes.
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Wastewater Disposal Wells, Fracking, and
Environmental Injustice in Southern Texas


Jill E. Johnston, PhD, Emily Werder, MSPH, and Daniel Sebastian, BS


Objectives. To investigate race and poverty in areas where oil and gas wastewater


disposal wells, which are used to permanently inject wastewater from hydraulic frac-


turing (fracking) operations, are permitted.


Methods.With location data of oil and gas disposal wells permitted between 2007 and


2014 in the Eagle Ford area, a region of intensive fracking in southern Texas, we analyzed


the racial composition of residents living less than 5 kilometers from a disposal well and


those farther away, adjusting for rurality and poverty, using a Poisson regression.


Results.The proportion of people of color living less than 5 kilometers from a disposal


well was 1.3 times higher than was the proportion of non-Hispanic Whites. Adjusting for


rurality, disposal wells were 2.04 times (95% confidence interval = 2.02, 2.06) as common


in areaswith 80%people of color ormore than inmajorityWhite areas. Disposal wells are


also disproportionately sited in high-poverty areas.


Conclusions. Wastewater disposal wells in southern Texas are disproportionately


permitted in areas with higher proportions of people of color and residents living in


poverty, a pattern known as “environmental injustice.” (Am J Public Health. Published


online ahead of print January 21, 2016: e1–e7. doi:10.2105/AJPH.2015.303000)


Waste disposal is an enduring public
health problem. Throughout history,


waste disposal has often resulted in environ-
mental pollution and, consequently, harm to
human health.1 Waste disposal sites are often
unequally distributed and located away from
the individuals who receive most of the
benefits associated with activities that gen-
erate the waste.2–4 Nationwide, a dispropor-
tionate number of waste disposal facilities are
sited in communities of color, a pattern
known as “environmental injustice.”5,6Rural
areas, whose residents often face political
marginalization, have often been burdened
with waste from urban and industrial
sources.7,8 Waste facilities, and their unequal
distribution, can adversely affect the health
of communities in which they are sited.9


Over the past decade, theUnited States has
experienced a dramatic increase in uncon-
ventional oil and gas (UOG) development.
This technique combines horizontal drilling
with the pressurized high-volume injection of
fluids to fracture the underground shale and
release the oil or gas trapped within, a process
known as hydraulic fracturing or “fracking.”


Approximately 100 000 UOG wells have
been drilled throughout the United States as
of 2012.10 Each hydraulically fractured well
requires an estimated 11 to 19 million liters of
water for drilling.11 In these wells, sand and
a complex mixture of chemical additives,
many associated with known adverse health
risks (e.g., endocrine disruption and cancer),
are injected along with the water.12 For every
well, an average of 5.2 million liters of
fracking fluid returns to the surface as
wastewater.13,14 The management of this
wastewater presents a significant public health
problem.12


UOG wastewater contains chemical ad-
ditives used in the drilling process, along with
salts, heavy metals, radioactive material, and


hydrocarbons from the subsurface.15–18 The
vast majority of this wastewater is disposed
of via pumping into underground disposal
wells.19 Wastewater from oil and gas opera-
tions is not considered a hazardous material
under federal law and is therefore allowed to
be disposed of in class II injection wells. These
wells are subject to fewer safety requirements
than are hazardous waste (class I) wells and are
structurally similar to production wells. UOG
wastewater is typically pumped directly back
into the subsurface, without any treatment or
containers forwaste. The term “disposal well”
refers to all permitted underground wells for
injecting oil and gas wastewater.


Wastewater injected into disposal wells
may, in some circumstances, migrate to the
surface or into freshwater aquifers.20–23


Toxins can migrate to groundwater through
leaks, cracks, or nearby abandoned wells, and
multiple cases of groundwater contamination
associatedwithwastewater disposal wells have
been identified.24 For example, in south-
eastern Texas, groundwater near oil and gas
disposal wells was found to have higher
concentrations of chloride and bromide than
was groundwater farther away.25 In addition,
there is growing evidence regarding the
seismic hazards associated with the practice of
disposing of fracking wastewater into injec-
tion wells.10,26,27 In northern Texas, the
epicenters of small earthquakes were found to
be related to disposal well proximity.28–30


The environmental justice dimensions of
UOG development and the fate of its waste
products have yet to be characterized. One
recent study of the Marcellus shale in
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Pennsylvania found that UOG operations
were concentrated in areas with higher
poverty rates but did notfind a differencewith
respect to race.31


The Eagle Ford shale formation covers 26
counties in the southern and eastern stretches
of Texas (Figure 1). Eagle Ford ranked first
for the volume of oil produced and fourth for
gas production in theUnited States in 2013.32


More than 1000 new disposal wells have been
permitted in this region since 2007, the start
of the shale boom. Unlike in Pennsylvania
and other major regions of UOG drilling,
a large proportion of people of color live in
the rural counties overlying the formation.33


In 2013, the community-based orga-
nizations Centro por la Justicia and
Southwest Workers’ Union, along with
local residents, organized a series of
meetings to discuss the social, environ-
mental, and human health dimensions of
the extraction, production, and ultimate
disposal of oil, natural gas, and its
byproducts in the Eagle Ford area. One
concern raised at these meetings was the
siting of new disposal wells for wastewater
with respect to race and ethnicity and their
potential impact on local drinking water
supplies. The local organizations invited
us to partner with them to investigate the


racial, ethnic, and economic composition
of communities receiving UOG waste in
the region.


METHODS
WedefinedUOGwells as horizontal wells


that were permitted for oil extraction, gas
extraction, or both and disposal wells as any
permitted for injection or disposal of oil or gas
wastewater regulated by the Texas Railroad
Commission (TRRC). We extracted infor-
mation on and the location of all horizontal
oil, gas, and injection wells permitted


FIGURE 1—Area and Location of Permits for Unconventional Oil and Gas Extraction Wells: Eagle Ford Shale Region, TX, 2007–2014
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by the TRRC from 2007 to 2014 from
DrillingInfo,34 an oil and gas permit, com-
pletion, and production mapping database.
The study area comprised the 26 counties
defined as part of the Eagle Ford Shale for-
mation by the TRRC35 plus all adjacent
counties (n = 31; Figure 1).


The database we generated included the
following well-specific information: American
Petroleum Institute identification
number, permit type (oil, gas, disposal, or
injection), relevant well dates (permit, spud,
completion, and production initiation),
drill direction (horizontal vs vertical), and
geocodedwell location. Because of variability
in reporting between counties, we relied on
data from both the permitting and production
databases. We used permit, spud, and com-
pletion dates to determine when a well was
permitted.We used drill direction and permit
type to identifyUOGand injectionwells.We
mapped wells and generated proximity
measures using ArcGIS desktop version 10.1
(Environmental Systems Resource Institute,
Redlands, CA).


We conducted our primary analyses of
disproportionate permitting of disposal wells
using proportion of people of color categories
because an individual’s vulnerability to the
presence of polluting facilities nearby is
modified by the race and ethnicity of other
people in their community.36 On the basis
of US Census 2010 data, we defined the
following racial/ethnic categories: non-
Hispanic White (non-Hispanics who iden-
tified as White and no other race), people of
color (all people not categorized as non-
Hispanic White), Hispanic of any race,
non-Hispanic Black, and non-Hispanic
Native American. We used block race/
ethnicity–specific population counts. To
examine socioeconomic characteristics, we
also extracted race/ethnicity and poverty
information at the census block group level
from the American Community Survey
2009–2013.37 There are 147 568 blocks in the
study area and 1814 block groups. Populated
census blocks in the study area cover an av-
erage of 0.4 square kilometer, which contain
1 to 250 people (median= 17), whereas
census block groups range from 9 to 5700
residents (median = 1400) over 9 square
kilometers.


Because of legal restrictions, waste disposal
wells are not located inside densely populated


urban areas. We therefore excluded the res-
idents of the 2 major cities in the region: San
Antonio and Austin. Furthermore, we cal-
culated the population density of each census
block or block group, defined as the number
of people per square kilometer. Population
density is a measure of rurality, which is
strongly associated with land value and
availability of land for waste disposal. Land
ownership patterns differ in Texas by
race and ethnicity. There are more than
116 000 square kilometers of agricultural and
ranchland in the study area (~80% of the total
land area). Of this land area, only 11.9% has
a principal owner who identifies as either
Black or Hispanic.38


We considered residents of census blocks
to be near a disposal well if a well was
permitted within the block or within
a 5-kilometer radius of the census block
centroid. We dichotomized census blocks
according to the presence or absence of
a permitted disposal well.We used aweighted
Poisson regression to quantify relationships
between race/ethnicity and permitting 1 or
more disposal wells within 5 kilometers of
a census block since 2007. We used 2010
census block populations as weights. In
density-adjusted models we included vari-
ables for the cubic natural logarithm of
population density. The cubic polynomial
term maximized model fit, as is consistent
with previous research.36


We categorized race/ethnicity as the
proportion of people of color residing in each
census block, using 20% increments. We
conducted a sensitivity analysis of our ex-
posure definition (< 5 km from a disposal
well) to less than 3 kilometers and less than 10
kilometers. We conducted a parallel analysis
for UOG extraction wells. We replicated
these methods at the block group level to
analyze the association with poverty and with
race adjusted for poverty. We defined high-
poverty block groups as exceeding the mean
percentage of residents living in poverty for
the study region (> 18.6%). We completed
statistical analyses using Stata IC version 14
(StataCorp LP, College Station, TX).


Community members cited the contam-
ination of private groundwater wells near
drilling and disposal operations as a potential
exposure route. Groundwater is the primary
source of fresh water for residents in southern
Texas. There is little public information about


the potential impact of UOG wastewater on
groundwater in the region. There is, how-
ever, detailed data on the location of domestic
groundwater wells in the study region in the
Texas Submitted Driller’s Reports Database,
which was compiled by the Texas Water
Development Board. The database includes
required reporting of new well construction
and well repairs since 2001 from registered
water well drillers. We identified all wells in
the database designated for use as domestic
water wells in the study area to approximate
locations of private drinkingwaterwells in the
region.


RESULTS
As of December 2014, approximately


35 000 permitted class II injection wells
regulated by the TRRC existed across the
state of Texas. We identified 1152 disposal
wells permitted for oil and gas waste between
2007 and 2014 in the study area. Disposal
wells were permitted in 48 of the 57 counties,
with an average of 144 new wells permitted
each year (Figure A, available as a supplement
to the online version of this article at http://
www.ajph.org).


We further identified 23 435 permits for
UOG wells in the Eagle Ford region from
2007 to 2014. Both oil and gas are extracted
from the region via fracking techniques, with
the western part dominated by oil extraction
(n = 11 548), whereas the eastern section is
primarily natural gas (n = 11 887; Figure 1).
More than two thirds of all drilling permits in
the region were for unconventional wells.


In 2010, approximately 2.8 million people
lived in the 57 counties in and around the
Eagle Ford shale region, not including resi-
dents of San Antonio and Austin. Of these,
50.1% were people of color and 49.9% were
non-Hispanic White. Among the people of
color, 77.0% were Hispanic/Latino, 18.0%
Black, and 1.0% Native American. An esti-
mated 385 000 people (13.7% of study area)
lived within 5 kilometers of a waste disposal
well, whereas 790 000 lived near a UOG
extraction well (Table 1). The proportion of
people of color living near an injection well
was 1.30 times higher thanwas the proportion
of non-Hispanic Whites living near an in-
jection well.
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We further categorized each census block
on the basis of the percentage of people of
color living in that block (Figure A). Overall,
the proportion of residents living near a
well was positively associated with the pro-
portion of people of color. In census blocks
composed of less than 40.0% people of color,
10.0% of residents had a disposal well sited
within 5 kilometers; in areas with 40.0% to
less than 60.0% people of color, 12.4% of
residents had disposal wells nearby; and in
areas with 60.0% to less than 80.0% people of
color, it was 15.5%. In areas with 80.0% or
more people of color, the percentage of
residents living near a disposal well rose to
18.4%. These ratios were elevated for all areas
with 60.0%ormore people of color relative to
the less than 20.0% people of color area with
or without adjustment for rurality. When
accounting for rurality, in areas with 80.0% or
more people of color, more than 2.04 times
(95% confidence interval [CI] = 2.02, 2.06) as
many people had disposal wells permitted
nearby than had people in areas with less than
20.0% people of color (Figure 2; Table A,
available as a supplement to the online version
of this article at http://www.ajph.org).


The racial disparities were similar at the
block group level, even after adjusting for
poverty. In high-poverty block groups, more
than 1.29 times (95%CI= 1.28, 1.30) asmany
people had a disposal well permitted in their
block group or within 5 kilometers of its
centroid than did people in low-poverty areas
after adjusting for rurality (Table B available as
a supplement to the online version of this
article at http://www.ajph.org). Adjusting
for both poverty and rurality, we still found
that as the proportion of people of color in the


census block group increased, so did the
presence of disposal wells (Figure 3; Table C,
available as a supplement to the online version
of this article at http://www.ajph.org).


By contrast, the racial disparities related to
the location of UOG extraction wells were
small but inverse: 29.8% of non-Hispanic
Whites residents (418 850) lived within 5
kilometers of an extraction well compared
with 26.4% of people of color (372 516).
Non-Hispanic Whites, however, own more
than 85.0% of the land atop the Eagle Ford
geological shale formation.38


Therewere 32 817 domesticwaterwells in
the study area according to the Submitted
Driller’s Reports Database as of 2014. Of
these wells, 16.0% were within 5 kilometers
of a waste disposal well and 1.3% were within
1 kilometer. On average, each disposal well
was less than 5 kilometers from 4.5 domestic
groundwater wells in the region.


The pattern of racial disparities held with
changing distances of exposure classification.
Using a definition of 3 kilometers, we ob-
served a similar pattern of increasing exposure
to disposal wells as the proportion of people of
color increased (Table D, available as a sup-
plement to the online version of this article at
http://www.ajph.org). In fact, with a nar-
rower definition of exposure, we saw that
disparities were more pronounced for the
blocks of 80% ormore people of color with an
adjusted prevalence ratio of 2.32 (95%
CI= 2.30, 2.36) than for the 5-kilometer ra-
dius. By contrast, this relationship attenuated
as we increased the radius of exposure to 10
kilometers (Table E, available as a supplement
to the online version of this article at http://
www.ajph.org). Nonetheless, the blocks with


thehighest burdenwere thosewith the highest
proportion of people of color.


DISCUSSION
Disposal of wastewater from UOG oper-


ations is an important public health concern.
As an emerging area of research, there are
limited data on the human health and quality
of life consequences to local residents near
underground oil and gas waste disposal wells.
We examined the location of the 1152 un-
derground injection wells permitted by the
TRRC since 2007 near the Eagle Ford shale
in relation to the race and ethnicity of the
people living in proximity to the disposal sites.
Our findings mirror a national trend that was
notably identified more than 2 decades ago in
studies confirming that toxic waste sites were
sited disproportionately near people of
color.39 Additionally, we found that disposal
wells are more likely to be permitted in
communities with higher levels of poverty,
although patterns of racial disparities persist
after accounting for poverty. Our analysis
suggests that this pattern of environmental
injustice extends to the Eagle Ford shale re-
gion with respect to oil and gas wastewater
disposal. We offer further evidence of racial
disparities in rural areas.


Few studies have examined UOG devel-
opment in this region or the consequences of
underground injection of massive quantities
of wastewater. Permitted disposal wells can be
actively used for decades, receivingmillions of
gallons of toxic wastes, whereas the active life
of an extraction well is typically a few years.40


The Energy Policy Act of 2005 specifically
excludes the underground injection of oil and
gas fluids from the Safe Water Drinking Act,
which authorizes the Environmental Pro-
tection Agency to regulate chemicals in
drinking water to protect public health.41


Current regulations allow the oil and gas
industry to inject and indefinitely store haz-
ardous materials underground and near
drinking water supplies.42 A geochemical
analysis of wastewater from the Eagle Ford
shale region found levels of chromium,
mercury, and arsenic exceeding the maxi-
mum contaminant levels set by the Envi-
ronmental Protection Agency.43 The
contamination of groundwater aquifers
overlying shale formations would be


TABLE 1—Racial Composition of Census Blocks in the Study Area Within 5 Km of an Oil and
Gas Disposal or Where Unconventional Extraction Wells Are Permitted: Eagle Ford Shale
Region, TX, 2007–2014


Race/Ethnicity Population
Disposal Wella


< 5 Km, No. (%)
Unconventional Wellb


< 5 Km, No. (%)


White 1 406 086 167 258 (11.9) 418 850 (29.8)


All people of color 1 412 181 217 624 (15.4) 372 516 (26.4)


Hispanic, any race 1 086 979 181 397 (16.7) 281 075 (25.9)


Non-Hispanic Black 253 188 30 202 (11.9) 70 727 (27.9)


Non-Hispanic Native American 14 032 2 058 (14.7) 3 483 (24.8)


Total 2 818 267 384 882 (13.7) 791 366 (28.1)


aDisposal wells receive oil and gas wastewater to inject underground.
bUnconventional wells extract oil and gas using hydraulic fracturing (“fracking”) and horizontal drilling.
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particularly problematic in southern Texas
because these aquifers provide drinking water
to the region, including to many rural resi-
dents with unregulated private wells.


According to an analysis of Environmental
Protection Agency records, 70% of disposal


wells across Texas had at least 1 violation
between 2008 and 2010. More than 4000 of
these had test failures for significant leaks.44


Faulty construction or failure in well in-
tegrity, such as cracks and cement de-
terioration, has been linked to groundwater


contamination in shale formations.45 Such
events can result in gases or liquids leaking
outside the cement well; gases or liquids can
then migrate up into shallower aquifers. In
addition to potential effects on ground and
surface water quality and local seismicity,
trucks are needed to transport the wastewater
to the well site. Increased traffic is associated
with adverse effects on local air quality, in-
creased noise, more frequent accidents, and
accelerated deterioration of local roads.


As UOG drilling proliferates, it is impor-
tant to evaluate UOG waste disposal siting
practices and their potential environmental,
public health, and equity implications. Our
results demonstrate differences in race in the
communities where UOG extraction is oc-
curring compared with race in communities
hosting the oil and gas waste disposal sites.
Locations ofUOGextractionwells are largely
dictated by subsurface geology. Accordingly,
we would not expect social or political forces
to strongly drive which communities are
prone to UOG extraction operations.
Moreover, non-Hispanic Whites own the
vast majority of land above the shale forma-
tion. These landowners may receive eco-
nomic benefits from UOG drilling
operations, and they potentially avoid envi-
ronmental ills when wastewater is transported
to other communities for disposal.


Permitting for disposal wells is virtually
ubiquitous across Texas, suggesting few siting
restrictions, unlike other states.13,25 We did
not address siting decisions or specific factors
for individual disposal well facilities, nor did
we examine the permit application proce-
dures. The particular reasoning behind any
single well’s location may be particular to
local history, land suitability, transportation
feasibility, economic factors, and land and
mineral ownership. We do suggest that the
discrepancies in locations of new wastewater
disposal wells may be driven by and con-
tribute to differences in political capital
between people of color and White
communities and between high- and low-
wealth areas.


Marginalized communities are often
targeted because of the perceived lack of
political power and limited resources with
which to challenge a permit.36,46 In this case,
owning land is one indicator of power—and
people of color own only a fraction of land
compared with White residents. Public
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involvement and access to information about
permit applications and site locations, even
by local officials, is limited, as is the op-
portunity for the public to influence the
decision-making process. As the UOG in-
dustry grows in southern Texas, so will the
waste from the production processes. Al-
though landowners may receive some in-
centives for allowing disposal wells, the
public health threats are many.


Studies have found significant associations
between residential proximity to environ-
mental hazards or waste facilities and adverse
health outcomes, including poor pregnancy
outcomes, childhood cancer, and renal dis-
ease.47More research is needed to understand
potential pathways of exposure to toxic
wastewater disposal through underground
injection and the potential consequences of
such exposure. Case reports of animals, which
can be indicative of human impacts, have
identified infertility, stillbirths, and death in
cattle exposed to fracking wastewater.48


Communities of color often have limited
influence on land use decisions that bring
waste, pollution, and unsustainable devel-
opment. Preferentially permitting waste dis-
posal facilities near communities of color
has been documented across the United
States.3,49 This disproportionate burden can
result in increased exposure to harmful pol-
lutants and degradation in environmental
quality. Exposure to these harmful conditions
results in harmful health outcomes, increased
stress, and a reduction in quality of life and
neighborhood sustainability.50 In addition,
there is evidence of racial disparities in the
frequency of governmental inspections of
hazardous waste facilities.51 Less enforcement
may lead to an increased risk of environmental
contamination, ultimately exacerbating
health disparities, in these communities.


Newly permitted injection wells for oil
and gas wastewater in the Eagle Ford region
are disproportionately located near commu-
nities of color and in high-poverty regions.
Wastewater from UOG development con-
tains substances harmful to human health.
This wastewater has the potential to con-
taminate groundwater and increase local
seismic activity. These discriminatory impacts
could be reduced by decreasing the quantity
of wastewater produced, using fewer toxic
substances, mandating the use of improved
technologies to prevent releases of pollutants,


and increasing the distance between injection
wells and private water wells. Themeaningful
involvement of community members in
decisions regarding wastewater management
may strengthen environmental health
protections.


CONTRIBUTORS
J. E. Johnston developed the framework for the project,
drafted the article, and conducted the analysis. E. Werder
assisted in data extraction, analysis, and preparing the
findings. D. Sebastian assisted in data analysis and de-
veloping the figures. All of the authors revised the article.


ACKNOWLEDGMENTS
This project was supported in part by the National Insti-
tuteofEnvironmentalHealthSciences (grantsT32ES007018,
P30ES007048).


We recognize the invaluable support from Chavel
Lopez, Diana Lopez, Centro por la Justicia, and the
Southwest Workers’ Union.


HUMAN PARTICIPANT PROTECTION
No protocol approval was necessary because no human
participants were involved in this study.


REFERENCES
1. Hamer G. Solid waste treatment and disposal: effects on
public health and environmental safety. Biotechnol Adv.
2003;22(1–2):71–79.


2. Griffith J, Duncan RC, Riggan WB, Pellom AC.
Cancer mortality in US counties with hazardous waste
sites and ground water pollution. Arch Environ Health.
1989;44(2):69–74.


3. Norton JM, Wing S, Lipscomb HJ, Kaufman JS,
Marshall SW, Cravey AJ. Race, wealth, and solid waste
facilities in North Carolina. Environ Health Perspect. 2007;
115(9):1344–1350.


4. Lowman A, McDonald MA, Wing S, Muhammad N.
Land application of treated sewage sludge: community
health and environmental justice. Environ Health Perspect.
2013;121(5):537–542.


5. Bullard RD,Mohai P, Saha R,Wright B. Toxic wastes
and race at twenty: why race still matters after all of these
years. Envtl L. 2008;38(2):371–411.


6. Bryant BI, Mohai P. Race and the Incidence of Environ-
mental Hazards. Boulder, CO: Westview Press; 1992.


7. Jones CC. Environmental justice in rural context:
land-application of biosolids in central Virginia. Environ
Justice. 2011;4(1):220–233.


8. Bullard RD. Dumping in Dixie: Race, Class, and Envi-
ronmental Quality. 3rd ed. Boulder, CO: Westview Press;
2000.


9. Martuzzi M, Mitis F, Forastiere F. Inequalities, in-
equities, environmental justice in waste management and
health. Eur J Public Health. 2010;20(1):21–26.


10. Ellsworth WL. Injection-induced earthquakes. Sci-
ence. 2013;341(6142):1225942.


11. Assessment of the Potential Impacts of Hydraulic Fracturing
for Oil and Gas on Drinking Water Resources. Washington,
DC: US Environmental Protection Agency; 2015.


12. Colborn T, Kwiatkowski C, Schultz K, Bachran M.
Natural gas operations from a public health perspective.
Hum Ecol Risk Assess. 2011;17(5):1039–1056.


13. Lutz BD, Lewis AN, Doyle MW. Generation,
transport, and disposal of wastewater associated with


Marcellus Shale gas development.Water Resour Res. 2013;
49(2):647–656.


14. Ferrar KJ, Michanowicz DR, Christen CL, Mulcahy
N, Malone SL, Sharma RK. Assessment of effluent
contaminants from three facilities discharging Marcellus
Shale wastewater to surface waters in Pennsylvania. En-
viron Sci Technol. 2013;47(7):3472–3481.


15. Brown VJ. Radionuclides in fracking wastewater:
managing a toxic blend. Environ Health Perspect. 2014;122
(2):A50–A55.


16. Haluszczak LO, Rose AW, Kump LR. Geochemical
evaluation of flowback brine from Marcellus gas wells in
Pennsylvania, USA. Appl Geochem. 2013;28:55–61.


17. Barbot E, Vidic NS, Gregory KB, Vidic RD. Spatial
and temporal correlation of water quality parameters of
produced waters from devonian-age shale following
hydraulic fracturing. Environ Sci Technol. 2013;47(6):
2562–2569.


18. Thacker JB, Carlton DD,Hildenbrand ZL, Kadjo AF,
Schug KA. Chemical analysis of wastewater from un-
conventional drilling operations. Water. 2015;7(4):
1568–1579.


19. Veil JA, Clark CE; Argonne National Lab; US Office
of Fossil Energy. Produced Water Volumes and Management
Practices in the United States. Oakridge, TN: US De-
partment of Energy Office of Scientific and Technical
Information; 2009.


20. Myers T. Potential contaminant pathways from hy-
draulically fractured shale to aquifers.GroundWater. 2012;
50(6):872–882.


21. Jackson RE, Gorody AW, Mayer B, Roy JW, Ryan
MC, Van Stempvoort DR. Groundwater protection and
unconventional gas extraction: the critical need for field-
based hydrogeological research. Ground Water. 2013;51
(4):488–510.


22. Vengosh A, Jackson RB, Warner N, Darrah TH,
Kondash A. A critical reviewof the risks towater resources
from unconventional shale gas development and hy-
draulic fracturing in the United States. Environ Sci Technol.
2014;48(15):8334–8348.


23. Yuan Z, Gardoni P, Schubert J, Teodoriu C. Cement
failure probability analysis in water injection well. J Petrol
Sci Eng. 2013;107:45–49.


24. Safeguards AreNot PreventingContamination from Injected
Oil and Gas Wastes. Washington, DC: US Government
Accountability Office; 1989.


25. Hudak PF,Wachal DJ. Effects of brine injectionwells,
dry holes, and plugged oil/gas wells on chloride, bromide,
and barium concentrations in the Gulf Coast Aquifer,
southeast Texas, USA. Environ Int. 2001;26(7–8):
497–503.


26. Horton S. Disposal of hydrofracking waste fluid by
injection into subsurface aquifers triggers earthquake
swarm in central Arkansas with potential for damaging
earthquake. Seismol Res Lett. 2012;83(2):250–260.


27. Holland A, Gibson AR. Analysis of the Jones,
Oklahoma, earthquake swarm. Seismol Res Lett. 2011;82:
279.


28. Frohlich C. Two-year survey comparing earthquake
activity and injection-well locations in the Barnett Shale,
Texas. Proc Natl Acad Sci U S A. 2012;109(35):
13934–13938.


29. McGarr A, Bekins B, Burkardt N, et al. Coping with
earthquakes induced by fluid injection. Science. 2015;347
(6224):830–831.


RESEARCH AND PRACTICE


e6 Research and Practice Peer Reviewed Johnston et al. AJPH Published online ahead of print January 21, 2016







30. Petersen MD, Mueller CS, Moschetti MP, et al.
Incorporating Induced Seismicity in the 2014 United States
National Seismic HazardModel: Results of the 2014Workshop
and Sensitivity Studies. Reston, VA:USGeological Survey;
2015.


31. Ogneva-Himmelberger Y, Huang L. Spatial distri-
bution of unconventional gas wells and human pop-
ulations in the Marcellus Shale in the United States:
vulnerability analysis. Appl Geogr. 2015;60:165–174.


32. Scanlon BR, Reedy RC, Nicot J-P. Comparison of
water use for hydraulic fracturing for unconventional oil
and gas versus conventional oil. Environ Sci Technol. 2014;
48(20):12386–12393.


33. USCensus Bureau. 2010Census data. 2014. Available
at: http://www.census.gov/2010census/data. Accessed
November 23, 2014.


34. DrillingInfo. Drilling info. 2014. Available at: http://
www.drillinginfo.com. Accessed April 23, 2015.


35. Railroad Commission of Texas. Eagle Ford shale
information. 2015. Available at: http://www.rrc.state.tx.
us/oil-gas/major-oil-gas-formations/eagle-ford-shale/
#counties. Accessed January 17, 2015.


36. Wing S, Cole D, Grant G. Environmental injustice in
North Carolina’s hog industry. Environ Health Perspect.
2000;108(3):225–231.


37. US Census Bureau. American Community Survey
2009–2013. 2014. Available at: https://www.census.
gov/programs-surveys/acs. Accessed September 2, 2015.


38. US Department of Agriculture. Race, ethnicity and
gender profiles. Available at: http://www.agcensus.usda.
gov/Publications/2012/Online_Resources/Race,_
Ethnicity_and_Gender_Profiles. Accessed May 10, 2015.


39. Toxic Wastes and Race in the United States: A National
Report on the Racial and Socio-Economic Characteristics of
Communities With Hazardous Waste Sites. New York, NY:
United Church of Christ Commission for Racial Justice;
1987.


40. Hughes JD. Energy: a reality check on the shale
revolution. Nature. 2013;494(7437):307–308.


41. Rahm D. Regulating hydraulic fracturing in shale
gas plays: the case of Texas. Energy Policy. 2011;39(5):
2974–2981.


42. Finkel M, Hays J, Law A. The shale gas boom and the
need for rational policy. Am J Public Health. 2013;103(7):
1161–1163.


43. Maguire-Boyle SJ, Barron AR. Organic compounds
in produced waters from shale gas wells. Environ Sci Process
Impacts. 2014;16(10):2237–2248.


44. LustgartenA, Schmidt KK. Injectionwells: the hidden
risks of pumping waste underground. 2012. Available at:
http://projects.propublica.org/graphics/underground-
injection-wells. Accessed April 15, 2015.


45. Davies RJ, Almond S, Ward RS, et al. Oil and gas
wells and their integrity: implications for shale and un-
conventional resource exploitation.Mar Petrol Geol. 2014;
56:239–254.


46. Morello-Frosch RA. Discrimination and the political
economy of environmental inequality. Environ Plann C
Gov Policy. 2002;20(4):477–496.


47. Brender JD, Maantay JA, Chakraborty J. Residential
proximity to environmental hazards and adverse health
outcomes. Am J Public Health. 2011;101(suppl 1):
S37–S52.


48. Bamberger M, Oswald RE. Impacts of gas drilling on
human and animal health. New Solut. 2012;22(1):51–77.


49. Ebert ES, Wilson N, Wacksman M, Loper JR, Schell
JD, Fowler A. Utilization survey of a rural creek fishery in
central Alabama. Risk Anal. 2012;32(3):416–432.


50. Gee GC, Payne-Sturges DC. Environmental health
disparities: a framework integrating psychosocial and
environmental concepts.EnvironHealth Perspect. 2004;112
(17):1645–1653.


51. Spina F. Environmental justice and patterns of state
inspections. Soc Sci Quart. 2015;96(2):417–429.


RESEARCH AND PRACTICE


Published online ahead of print January 21, 2016 AJPH Johnston et al. Peer Reviewed Research and Practice e7



http://www.census.gov/2010census/data

http://www.drillinginfo.com

http://www.drillinginfo.com

http://www.rrc.state.tx.us/oil-gas/major-oil-gas-formations/eagle-ford-shale/#counties

http://www.rrc.state.tx.us/oil-gas/major-oil-gas-formations/eagle-ford-shale/#counties

http://www.rrc.state.tx.us/oil-gas/major-oil-gas-formations/eagle-ford-shale/#counties

https://www.census.gov/programs-surveys/acs

https://www.census.gov/programs-surveys/acs

http://www.agcensus.usda.gov/Publications/2012/Online_Resources/Race,_Ethnicity_and_Gender_Profiles

http://www.agcensus.usda.gov/Publications/2012/Online_Resources/Race,_Ethnicity_and_Gender_Profiles

http://www.agcensus.usda.gov/Publications/2012/Online_Resources/Race,_Ethnicity_and_Gender_Profiles

http://projects.propublica.org/graphics/underground-injection-wells

http://projects.propublica.org/graphics/underground-injection-wells






1 


 


Industrial Hog Operations in North Carolina  


Disproportionately Impact African-Americans, Hispanics and American Indians 


 


Steve Wing and Jill Johnston 


Department of Epidemiology 


The University of North Carolina at Chapel Hill 


Revised: October 19, 2015 


 


Summary 


 


Background: In 2014, the North Carolina Department of Environment and Natural Resources 


(NC-DENR) issued a swine waste management general permit (the General Permit) covering 


more than 2,000 industrial hog operations (IHOs).  These facilities house animals in 


confinement, store their feces and urine in open pits or cesspools, and apply the waste to 


surrounding fields.  Air pollutants from the routine operation of confinement houses, cesspools, 


and waste sprayers affect nearby neighborhoods, causing disruption of activities of daily living, 


stress, anxiety, mucous membrane irritation, respiratory conditions, reduced lung function, and 


acute blood pressure elevation.  Prior studies showed that this industry disproportionately 


impacts people of color in North Carolina. 


 


Methods: We obtained records on the sizes and locations of permitted IHOs from NC-DENR and 


calculated the steady state live weight (SSLW) of hogs as an indicator of the amount of feces and 


urine produced at each IHO.  We obtained block-level information on race and ethnicity from the 


2010 census of the United States.  We compared the proportions of people of color (POC), 


Blacks, Hispanics, and American Indians living within 3 miles of an IHO to the proportion of 


non-Hispanic Whites.  We quantified relationships between race/ethnicity, presence of one or 


more IHOs, and the SSLW of IHOs, using Poisson regression and linear regression to adjust for 


rurality. 


 


Results: Analyses based on a study area that excludes the State’s five major cities and western 


counties that have no presence of this industry show that the proportion of POC living within 3 


miles of an industrial hog operation is 1.46 times higher than the proportion of non-Hispanic 


Whites.  The proportions of Blacks, Hispanics, and American Indians living within 3 miles of an 


industrial hog operation are 1.50, 1.41, and 2.22 times higher, respectively, than the proportion 


of non-Hispanic Whites (p<0.0001).  In census blocks with 80 or more percent POC, the 


proportion of the population living within 3 miles of an industrial hog operation is 1.81 times 


higher than in blocks with no POC.  This excess increases to 3.01 times higher with adjustment 


for rurality.  Adjusted for rurality, the SSLW of hogs within 3 miles of a census block increases, 


on average, 74, 47, 165, and 72 thousand pounds for every 10 percent increase in POC, Black, 


Hispanic, and American Indian population (p<0.0001).   


 


Conclusions: IHOs in North Carolina emit air and water pollutants that can be measured in 


nearby neighborhoods where they adversely impact the health and quality of life of residents.  


Census blocks near IHOs re-permitted in 2014 are disproportionately populated by Black, 


Hispanic, and American Indian residents, a spatial pattern recognized as environmental racism. 
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Background  


 


Swine production in North Carolina changed dramatically during the last decades of the 20th 


century.  Between 1982 and 2006, the number of hog operations in the State declined 


precipitously while the hog population increased from approximately 2 to 10 million (Edwards 


and Driscoll 2009).  Production became concentrated in eastern North Carolina (Furuseth 1997).   


 


Traditional North Carolina producers raised small numbers of hogs, commonly fewer than 25, as 


one of several commercial crops on diversified farms (Edwards and Driscoll 2009).  In contrast, 


industrial producers raise large numbers of hogs, often many thousands, in confinement houses 


that are designed to vent toxic gases and particles into the environment.  Animal wastes are 


flushed into open cesspools and then sprayed on nearby fields.  Pollutants emitted by IHOs 


include hydrogen sulfide, ammonia, a wide array of volatile organic compounds, and bioaerosols 


including endotoxins, bacteria, yeasts, molds, and other respiratory irritants (Cole et al. 2000) 


(Schiffman et al. 2001).   


 


The negative impacts of particles and gases inside IHO confinements on worker health have been 


extensively described (Casey et al. 2015; Cole et al. 2000; Donham 1993; Donham et al. 1995; 


Donham 1990; Donham 2010).  Environmental levels of IHO pollutants are lower than inside 


confinements, however, workers in physically demanding jobs tend to be less susceptible to 


pollutants than some members of exposed communities, which includes children, people with 


allergies, asthma, or other respiratory or cardiovascular conditions.  An extensive body of peer-


reviewed scientific evidence shows that IHOs release contaminants into neighboring 


communities where they affect the health and quality of life of neighbors.  Many of these studies 


have been conducted in North Carolina.  Hydrogen sulfide concentrations within 1.5 miles of 


IHOs in North Carolina are associated with neighbors’ ratings of hog odor and inability to 


engage in routine daily activities (Wing et al. 2008), increased stress and anxiety (Horton et al. 


2009), irritation of the eyes, nose and throat, respiratory symptoms (Schinasi et al. 2011), and 


acute elevation of systolic blood pressure (Wing et al. 2013).  A study of North Carolina public 


middle school children who participated in an asthma survey, which was conducted by the North 


Carolina Department of Health and Human Services, found that children attending schools 


within three miles of an IHO had more asthma-related symptoms, more doctor-diagnosed 


asthma, and more asthma-related medical visits than students who attended schools farther away 


(Mirabelli et al. 2006).  The same study reported a 23% higher prevalence of wheezing 


symptoms among children who attended schools where staff reported noticing livestock odor 


inside school buildings twice or more per month compared to children who attended schools 


where no livestock odor was reported (Mirabelli et al. 2006).  Other studies in North Carolina 


(Tajik et al. 2008) (Wing and Wolf 2000) (Bullers 2005) (Schiffman et al. 1995) and elsewhere 


(Donham et al. 2007) (Thu et al. 1997) (Radon et al. 2007) also document negative impacts of 


IHO air pollution on neighbors’ health and quality of life.   


 


Liquid contaminants from IHOs are released to the environment through leakage of animal waste 


storage pits, runoff from land application of liquid wastes, atmospheric deposition, and failure of 


the earthen walls of waste pits (Burkholder et al. 2007) (Wing et al. 2002).  A recent study of 


DNA from swine-specific bacteria found increased prevalence of a genetic marker of pig 


bacteria in surface waters downstream from IHOs, and increased prevalence of the marker 
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following precipitation that can transport fecal wastes from land application sites into surface 


waters (Heaney et al. 2015).  Overflow of waste pits during heavy rain events results in massive 


spills of animal waste into neighboring communities and waterways.  For example, in late 


September, 1999, 237 North Carolina IHOs were located in flooded areas identified from 


satellite imagery provided by the NC Division of Emergency Management (Wing et al. 2002).  


Parasites, bacteria, viruses, nitrates, and other components of liquid IHO waste pose threats to 


human health (Burkholder et al. 2007; Cole et al. 2000).   


 


Routine use of sub-therapeutic doses of antibiotics to increase weight gain of hogs promotes 


antibiotic resistance, making infections in humans more difficult to treat (Silbergeld et al. 2008).  


Airborne bacteria, including antibiotic-resistant strains, have been isolated from IHO air 


emissions (Gibbs et al. 2006; Green et al. 2006; Schulz et al. 2012), and antibiotic-resistant 


bacteria are associated with animal vectors near industrial animal operations, including flies 


(Graham et al. 2009), rodents (van de Giessen et al. 2009), and migratory geese that land on 


North Carolina’s IHO liquid waste pits (Cole et al. 2005).  A recent medical records study from 


Pennsylvania shows that people living near IHO liquid waste application sites have elevated 


rates of infection with methicillin-resistant Staphylococcus aureus (Casey et al. 2013).  North 


Carolina industrial livestock workers carry strains of Staphylococcus aureus that are associated 


with swine, including antibiotic-resistant strains (Rinsky et al. 2013).  These bacteria could be 


spread by liquid waste and airborne particles.   


 


Because of the well-documented ability of IHOs to degrade the environment and health of 


nearby communities, their disproportionate location in communities of color is an environmental 


justice issue.  In an earlier study based on information from the United States Census of 1990 


and locations of IHOs in 1998 reported by the NC-DENR, our research group showed that the 


State’s IHOs were disproportionately located in areas where more POC, primarily African 


Americans, live (Wing et al. 2000).  We concluded that their disproportionate location in 


communities of color represented an environmental injustice.  Since 1998, additional IHOs have 


obtained permission to operate and others are no longer in business.  Additionally, between 1990 


and 2010 the State’s population size and spatial distribution changed due to births, deaths, and 


migration.  In this report, we update our previous findings (including an earlier version of this 


report filed with the US-EPA in September, 2014) by evaluating whether IHOs covered under 


the General Permit issued on March 7, 2014, disproportionately impact POC, Blacks, Hispanics, 


and American Indians.   


 


Materials and Methods 


 


On January 5, 2015, we downloaded a list of all industrial livestock operations from the NC-


DENR website.  From that list we excluded all non-swine operations and facilities that operate 


under individual permits or National Pollutant Discharge Elimination System general permits 


and facilities with certificates of coverage that expired prior to October 1, 2014.  Following the 


protocol provided in our previous study, which we also followed in the 2014 Report, we 


excluded facilities operated by research institutions because they are subject to different location 


and management decisions than commercial operations (Wing et al. 2000).  For facilities holding 


multiple permits, for example wean-to-feeder and feeder-to-finish, we combined counts for 


different stages of growth to obtain a total head count for each operation.  To estimate the 
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potential pollution source from IHOs with different size animals (boars, farrow-to-wean, wean-


to-feeder and feeder-to-finish), we calculated each facility’s total steady state live weight 


(SSLW) of hogs based on the number and average weight of each growth stage of swine 


permitted at the facility.  We corrected latitude and longitude for IHOs with geographic 


coordinates outside the county in which they were listed using the protocol developed for our 


previous study (Wing et al. 2000). 


 


The vulnerability of people of any race/ethnicity to having polluting facilities nearby can be 


affected by the race and ethnicity of other people in their community.  For example, African-


Americans who live in areas primarily populated by non-Hispanic Whites may have, generally, a 


lower susceptibility to being near polluting facilities than African-Americans who live in areas 


primarily populated by Hispanics or American Indians.  We therefore conducted our primary 


analyses of disproportionate impact using the POC category.  We also conducted analyses for 


specific racial/ethnic categories.  We defined the following racial/ethnic categories: non-


Hispanic White (non-Hispanics who identified as White and no other race), POC (all people not 


categorized as non-Hispanic white), Black (people who identified themselves as African-


American or Black with or without any other race), Hispanic of any race, and American Indian 


(people who identified themselves as American Indian with or without any other race).  We used 


block-level race/ethnicity-specific population counts from the US Census of 2010.   


 


As large-scale agricultural facilities, IHOs are not located in major cities.  Following the protocol 


adopted in our prior research, we defined a study area for our primary analyses that excluded 


census blocks in the five major metropolitan areas of North Carolina (Charlotte, Winston Salem, 


Greensboro, Durham, and Raleigh) as well as 20 western counties that neither have an IHO nor 


border a county that has an IHO.  We conducted additional analyses for the entire State.   


 


We considered people to be within the potential impact zone of IHOs if they lived in census 


blocks whose block centroids were within three miles of an IHO re-permitted in 2014.  Blocks 


were categorized as either having, or not having, an IHO within three miles.  Additionally, we 


considered the total permitted SSLW of hogs within three miles of the centroid of each block as 


a measure of the total potential influence of pollutants from nearby IHOs on the residents.   


 


As in our prior study, we also calculated the population density of each block, defined as the 


number of people per square mile.  Population density is a measure of rurality, which is strongly 


related to the availability of land for agriculture and the price of land.  Racial/ethnic groups in 


North Carolina differ in their urban versus rural residence, making them differentially 


susceptible to types of polluting facilities that locate in rural versus urban locations.  For 


example, a larger proportion of non-Hispanic Whites in North Carolina live in remote rural areas 


than do Blacks, therefore the susceptibility of Whites versus Blacks to IHOs is affected by their 


differential residence in more rural versus more urban areas.  By adjusting for population density 


(rurality), we compare racial vulnerability to IHOs for racial groups within each level of rurality.  


This adjustment is analogous to other statistical adjustments in epidemiology, as when the death 


rates of two countries are compared: even though death rates at every age may be higher in a 


poor than a rich country, the poor country may have a lower overall death rate because it has a 


younger age distribution.  In that case, age-adjustment is used to compare mortality in the two 
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countries just as we use density-adjustment to compare the proximity to IHOs in areas with 


different racial/ethnic make-up. 


 


We used weighted Poisson regression to quantify relationships between race/ethnicity and the 


presence of one or more IHOs within three miles of a block and weighted linear regression to 


quantify relationships between race/ethnicity and the SSLW of hogs permitted within three miles 


of a block.  We used census block populations as weights.  In density-adjusted models, we 


included variables for the natural log of population density raised to the first, second, and third 


power.  As in our prior analysis (Wing et al. 2000), this cubic model fit the data well and 


additional power terms added little to the model fit.  For the two largest racial/ethnic groups 


other than non-Hispanic Whites, POC, and Blacks, we categorized race/ethnicity in groups of 


blocks 20% in width compared to blocks with no POC using indicator variables.  Due to smaller 


numbers in these categories, we did not fit models with indicator variables for Hispanics and 


American Indians.  We also considered the percent of people of each race/ethnicity as a 


continuous variable, estimating the added burden of IHOs for a 10% increase in the population.  


 


This study involves neither random sampling nor randomization of exposure to IHOs, therefore 


statistical significance testing is inappropriate and confidence intervals do not correspond to the 


probability that the true values of measures of association are within the interval.  However, the 


US-EPA considers statistical significance in its assessment of environmental racism.  We 


therefore report p-values for differences in proportions of each racial/ethnic group within 3 miles 


of an IHO using t-tests.  We report 95% confidence intervals (CIs) as measures of precision of 


the associations estimated from regression models.  95% CIs that exclude the null value (1.0 for 


ratios and 0.0 for differences) are commonly considered to be statistically significant at p<0.05.  


 


Results 


 


Based on criteria enumerated above, 2,029 IHOs housing 1.29 billion pounds of swine are 


covered under the General Permit issued in March, 2014 (Table 1).  The 155 (7.6%) IHOs 


permitted to house between 20 and 100 thousand pounds accounted for only 1% of the total 


permitted SSLW.  The 343 (16.9%) IHOs permitted to house between 1 and 10.3 million pounds 


accounted for 46.7% of the total (Table 1).   


 


Figure 1 shows counties included in the study area, counties and cities excluded from the study 


area, and the locations of IHOs covered under the General Permit issued in 2014 by NC-DENR.  


Figure 2 shows the proportion of POC in 2010 census blocks included in the study area and the 


total population in each of six categories. 


 


There are over 6.5 million residents of the study area (Table 2).  Approximately 961 thousand 


(14.8%) of these residents live in census blocks whose centroid is within 3 miles of an IHO 


covered under the 2014 General Permit.  This includes 563,228 non-Hispanic Whites and 


397,661 POC.  12.9% of non-Hispanic Whites and 18.7% of POC in the study area live in blocks 


within 3 miles of an IHO.   


 


Based on the study area population in Table 2, Table 3 shows ratios of the percentages of POC 


living within 3 miles of an IHO compared to the percentages of non-Hispanic Whites living 
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within 3 miles of an IHO.  The percentage of POC living within 3 miles of an IHO is 1.46 times 


higher than the percentage of non-Hispanic Whites.  The percentages of Blacks, Hispanics, and 


American Indians living within 3 miles of an IHO are 1.50, 1.41 and 2.22 times higher, 


respectively, than non-Hispanic Whites.  If residents of the study area had been randomized to 


live within 3 miles of an IHO, the probabilities of observing differences of these magnitudes or 


greater would be less than 0.0001; the observed differences are considered to be highly 


statistically significant.   


 


We calculated these same ratios based on the entire State population of 9,535,483.  The 


percentages of POC, Blacks, Hispanics, and American Indians living within 3 miles of an IHO 


are 1.38, 1.40, 1.26 and 2.39 times higher than the percentage of non-Hispanic Whites, 


respectively.  These ratios are considered to be highly statistically significant.   


 


Figure 3 shows the percent of people living within 3 miles of an IHO in relation to the percent of 


POC in blocks.  The percent of people within 3 miles of an IHO is lowest in blocks with >0 to 


20% POC (9.8%) and highest in blocks with >80% POC (23.9%).   


 


Table 4 presents ratios of the percent of people living within 3 miles of an IHO in blocks with 


POC in the ranges of >0 to <20%, 20 to <40%, 40 to <60%, 60 to <80% and 80 to 100% 


compared to blocks with no POC.  The population of these categories ranges from a low of 


559,179 in blocks with no POC to a high of 2,383,810 in blocks with >0 to <20% POC.  Ratios 


on the right side of Table 4 are adjusted for rurality.  These ratios are significantly elevated in all 


categories with more than 20% POC.  The highest ratio, indicating that 3.01 times as many 


residents live near IHOs compared to blocks with no POC, occurs for blocks with more than 


80% POC.   


 


Table 5 shows results of the same analyses for Blacks.  They also show that the percent of people 


living within 3 miles of an IHO is statistically significantly elevated in all groups of blocks that 


are more than 20% Black, with or without adjustment for rurality.  With adjustment for rurality, 


areas that are 80% or more Black, 2.74 times as many people live within 3 miles of an IHO 


compared to areas with no Blacks.   


 


Table 6 shows the average increase in the population living within 3 miles of an IHO for a 10 


percent increase in the population of POC, Blacks, Hispanics, and American Indians.  This 


analysis is similar to the results in Tables 4 and 5, but rather than using categories, the 


relationship between race/ethnicity and proximity to IHOs is modeled as a linear function.  For 


every ten percent increase in POC, the proportion of people residing within 3 miles of an IHO 


increases, on average, by 9.7%.  These values are 8.6, 9.3, and 16.7 for Blacks, Hispanics, and 


American Indians, respectively.  Adjusting for rurality, 14.5% more people reside within 3 miles 


of an IHO for each additional ten percent POC.  Adjusted values are 12.3, 17.3 and 12.0 for 


Blacks, Hispanics, and American Indians, respectively.  These linear relationships between 


race/ethnicity and living near IHOs are considered to be highly statistically significant. 


 


Table 7 shows the difference in SSLW of hogs within 3 miles of residents of blocks with POC in 


the ranges of >0 to <20%, 20 to <40%, 40 to <60%, 60 to <80% and 80 to 100% POC compared 


to blocks with no POC.  Blocks in categories with more than 20% POC have, on average, 
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between 58,000 and 341,000 pounds more hogs within 3 miles than blocks with no POC.  


Adjusting for population density, blocks with more than 60 percent POC have, on average, more 


than half a million pounds more hogs permitted within 3 miles than areas with no POC.  These 


excesses are considered to be highly statistically significant.   


 


Table 8 presents parallel results for percentage Black population.  As for POC, areas with more 


than 20% Black residents have an excess SSLW of hogs compared to areas with no Black 


residents, and differences are greater with adjustment for rurality.  Adjusted for population 


density, blocks with more than 40% Black residents have approximately 350,000 more pounds of 


hogs within 3 miles than areas with no Black residents.  These excesses are considered to be 


highly statistically significant. 


 


Table 9 provides the average additional SSLW of hogs permitted in areas with POC for each 


percent increase in specific racial/ethnic categories.  Adjusted for population density, the 


permitted SSLW of hogs within 3 miles of blocks increases 74, 47, 165, and 72 thousand pounds 


for each ten percent increase in POC, Black, Hispanic, and American Indian population, 


respectively.  These linear relationships between race/ethnicity and SSLW are considered to be 


highly statistically significant. 


 


As shown in Figure 1, IHOs are concentrated in North Carolina’s Coastal Plain Region, between 


the Piedmont and Tidewater.  Figure 2 shows that this region has more people of color than other 


parts of the study area.  The racial and ethnic disparities reported above would be larger if the 


counties of western North Carolina, which, with the exception of Cherokee County, have low 


proportions of POC, were included in the analysis.   


 


 


Conclusion 


 


IHOs operating under the NC-DENR General Permit in 2014 are disproportionately located near 


communities of color.  These disparities are considered to be highly statistically significant for 


Blacks, Hispanics, American Indians, and all POC.  IHOs pollute local ground and surface water.  


They routinely emit air pollutants that negatively impact the quality of life and health of nearby 


residents.  In addition to their well-documented effects on physical, mental, and social well-


being, residents of areas with a high density of IHOs, and especially residents of color, have been 


subjected to intimidation including threats of legal action, violence, and job loss (Wing 2002).  


The industry’s close ties with local and state government officials help it to avoid regulation that 


could protect neighbors, and create barriers to democracy in rural communities of color (Thu 


2001, 2003).  These discriminatory impacts could be reduced by decreasing the density of 


production and use of technologies that prevent releases of pollutants. 
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Figure 1 


North Carolina Counties Included in the Study Area, Counties and Cities Excluded from the 


Study Area, and Locations of IHOs operating under the 2014 General Permit 


 


 


 
 


 


 


 


 


Figure 2 


Percentage of People of Color in North Carolina Census Blocks, 2010 
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Figure 3 


Percent of Population Living Within 3 miles of an IHO Covered under the North Carolina 


General Permit, 2014 in Relation to Percent People of Color 


 
 


 


 


 


 


 


Table 1 


Steady State Live Weight of IHOs Operating under the  


General Permit, NC, 2014 


     Permitted Number of Percent of Total Percent of  


SSLW1 IHOs IHOs SSLW1 total SSLW 


21- 155 7.6 12,226 0.9 


100- 439 21.6 75,135 5.8 


250- 570 28.1 219,812 17.1 


500- 522 25.7 379,414 29.4 


1,000-10,260 343 16.9 601,988 46.7 


Total 2,029 100.0 1,288,575 100.0 
1Thousands of pounds     
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Table 2 


Racial/Ethnic Composition of NC Census Blocks Less than and More than  


3 Miles of an IHO Operating Under the 2014 General Permit 


Racial Category 


≤3 miles from an IHO >3 miles from an IHO 


Number Percent Number Percent Total1  


Non-Hispanic white 563,228   12.9   3,817,835   87.1   4,381,063  


POC 397,661   18.7   1,724,393   81.3   2,122,054  


Black 264,272   19.3   1,105,923   80.7   1,370,195  


Hispanic  92,204   18.1  416,938   81.9   509,142  


American Indian  40,578   28.5  101,599   71.5   142,177  


Total1 960,889   14.8   5,542,228   85.2   6,503,117  
1POC can be counted in more than one racial/ethnic category.  The total population is equal to 


the number of non-Hispanic Whites plus the number of POC.   


 


 


 


 


 


Table 3 


Ratios of POC Compared to Non-Hispanic Whites Living within 3 Miles 


of an IHO Operating under the 2014 General Permit 


 


Racial/ethnic 


Category  


≤3 miles from an IHO 


 Population Number Percent Ratio2 p-value3 


Non-Hispanic white  4,381,063   563,228  12.9 1.00 -- 


POC*  2,122,054   397,661  18.7 1.46 <0.0001 


Black  1,370,195   264,272  19.3 1.50 <0.0001 


Hispanic  509,142   92,204  18.1 1.41 <0.0001 


American Indian  142,177   40,578  28.5 2.22 <0.0001 


Total  6,503,117   960,889  14.8   
1People of color can be counted in more than one racial/ethnic category.  The total population is 


equal to the number of non-Hispanic Whites plus the number of POC.   
2Ratio of the percent of people of other racial/ethnic groups to percent of non-Hispanic Whites 


living within 3 miles of an IHO 
3A difference in proportions of this magnitude or greater would be expected to occur less than 


one time in ten thousand if people of different racial/ethnic groups had been randomized to live 


within 3 miles of an IHO.  
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Table 4 


Ratios Comparing the Percent of People Residing within 3 Miles of an IHO in Blocks with 


POC Compared to Blocks without POC 


      


  


Unadjusted 


 


Adjusted1 
 


Percent POC Population 


Prevalence 


Ratio 95% CI 


Prevalence 


Ratio 95% CI 


0  559,179  1.00 


 


1.00 


 >0 to <20  2,383,810  0.75 0.74, 0.75 0.91 0.90, 0.92 


20 to <40  1,410,751  1.22 1.21, 1.23 1.79 1.77, 1.80 


40 to <60  858,568  1.26 1.25, 1.28 2.04 2.03, 2.06 


60 to <80  597,258  1.46 1.45, 1.47 2.38 2.35, 2.40 


80 to 100  693,551  1.81 1.80, 1.83 3.01 2.99, 3.04 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 


 


 


 


 


Table 5 


Ratios Comparing the Percent of People Residing within 3 miles of an IHO 


in Blocks with Blacks Compared to Blocks without Blacks 


 


  


Unadjusted 


 


Adjusted1 
 


Percent Black Population 


Prevalence 


Ratio 95% CI Prevalence Ratio 95% CI 


0  1,288,564  1.00 


 


1.00 


 >0 to <20  2,931,777  0.92 0.91, 0.92 1.18 1.17, 1.19 


20 to <40  1,043,183  1.43 1.42, 1.44 2.05 2.04, 2.07 


40 to <60  534,792  1.51 1.50, 1.53 2.18 2.16, 2.19 


60 to <80  333,780  1.55 1.54, 1.56 2.15 2.13, 2.17 


80 to 100  371,021  1.79 1.77, 1.80 2.74 2.71, 2.76 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
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Table 6 


Average Percent Difference in the Percent of People Residing within 3 miles of an IHO for a Ten 


Percent Increase in Each Racial/Ethnic Group 


 


 
Unadjusted 


 
Adjusted1 


 
Racial Group Percent 95% CI Percent 95% CI 


POC 9.7 (9.6, 9.8) 14.5 (14.5, 14.6) 


Black 8.6 (8.5, 8.6) 12.3 (12.2, 12.3) 


Hispanic 9.3 (9.2, 9.5) 17.3 (17.2, 17.5) 


American Indian 16.7 (16.5, 16.8) 12.0 (11.9, 12.2) 
1Adjusted for rurality using a cubic polynomial of the natural log of population 


density 


 


 


 


 


 


 


 


Table 7 


Average Difference in SSLW of hogs within 3 miles of residents of blocks 


with POC compared to blocks without POC 


 


 


Unadjusted 


 


Adjusted1 


 Percent POC SSLW2 95% CI SSLW2 95% CI 


0  0  -  0  - 


>0 to <20 -82 -110, -54 55 27, 82 


20 to <40 58 28, 88 287 257, 316 


40 to <60 123 90, 156 395 363, 427 


60 to <80 284 249, 320 560 525, 595 


80 to 100 341 307, 375 625 591, 658 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 


21,000s of pound 
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Table 8 


Average Difference in SSLW of Hogs within 3 Miles of Blocks 


with Blacks Compared to Blocks without Blacks 


 


 


Unadjusted 


 


Adjusted1 


 Percent POC SSLW2 95% CI SSLW2 95% CI 


0  0  -  0  - 


>0 to <20 -46 -66, -26 96 76, 116 


20 to <40 96 71, 121 283 259, 308 


40 to <60 195 164, 227 379 349, 410 


60 to <80 186 149, 223 356 319, 392 


80 to 100 141 105, 176 348 313, 383 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
21,000s of pounds 


 


 


 


 


 


 


 


Table 9 


Average Difference in SSLW of Hogs within 3 Miles of Residents of Blocks for a  


Ten Percent Increase in Each Racial/Ethnic Group 


 


Racial/Ethnic Group Unadjusted 


 


Adjusted1 


   SSLW2 95% CI SSLW2 95% CI 


POC 48 46, 51 74 71, 76 


Black 30 27, 33 47 44, 50 


Hispanic 127 121, 133 165 159, 171 


Am. Indian 94 85, 102 72 64, 81 


 
1Adjusted for rurality using a cubic polynomial of the natural log of population density 
21,000s of pound 
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PREFACE 


The Blue Ribbon Study Commission on Agricultural Waste was authorized by Part IV of 
Chapter 542 of the J 995 Session Laws. The relevant portions of chapter 542 are included 
in Appendix A. The Commission Notebook Containing the Commission minutes and all 
information presented to the Commission in filed in the Legislative Library. The 
Commission was Chaired by the Honorable Tim Valentine and Dr. Ernest A. Carl. The 
Full membership of the Commission is filed in Appendix B of this report. 
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I. INTRODUCTION 


The BI ue Ribbon Study Commission on Agricultural Waste was created by the 1995 
General Assembly to study "the effect of agriculture waste on groundwater, drinking 
water, and air quality". The driving force behind its formation was the rapid growth 
of swine" farming in the State, particularly in Eastern North Carolina. The expansion 
of these farms has brought tremendous economic growth to areas of the State that 
have long suffered from stagnant economies and marginal job opportunities. As the 
numbers of intensive livestock operations have increased, however, so have concerns 
about their impact on water quality and on the quality of life for those living in close 
proximity to the farms. The Commission looked long and hard at these 
environmental and socioeconomic issues. To appreciate the context of the 
Commission's analysis, it is useful to consider several trends that have brought North 
Carolina agriculture to its present state. 


Trends in Agriculture. The major trends evident in recent decades can be summed in 
three words: depopulation, capitalization, and consolidation. Since 1945 the 
population engaged in farming has continuously diminished, falling to less than two 
percent of the population. As the number of farms has fallen, acres of cultivated 
cropland also have declined. During this same period, farm operations have become 
more capital intensive, and productivity has increased dramatically. Average farm 
size has continued to grow, reaching 160 acres in 1995. By 1992, seventy-five percent 
of the value of North Carolina agricultural products were coming from ten percent of 
the farms. But many states have participated in these background trends. What 
distinguishes North Carolina's experience are the simultaneous changts in the 
composition of its agriculture. During the mid 1980s, animal agriculture surged past 
crop production to reverse the historic relationship of these two sectors. The growth 
in animal agriculture is owed to two subsectors: swine and poultry. 


In contrast, dairy's share of agricultural production has continued a long-term 
decline, while beef has been a relativ«ly stable performer in recent years. North 
Carolina broiler production, which has climbed steadily since the late 1950s, reached 
644 million in 1994, when it surpassed tobacco sales to become the State's number 
one agricultural commodity. 


Hog production expanded rapidly between 1991 and 1995, when the swine inventory 
rose from 2.7 million head to 7.5 million head: an average annual growth rate of 
nearly thirty percent. This record propelled North Carolina from a rank of sixth 
among the states to a number two ranking behind only Iowa. Production growth has 
been concentrated, both in the sense that a limited number of counties have been 
affected and in the sense that a limited number of -producers have accounted for a 
lion's share of the increased production. During this period, the number of hog 
farms actually declined, while large, intensive operations raising thousands of animals 
in confined areas expanded. The economic effect in impacted areas was tremendous. 







Sampson County raised its per capita income level from eighty-three percent of the 
Sfate average to one hundred two percent (102%) of the State average in just the five 
years between 1988 and 1992. Duplin County went from seventy-eight percent to 
ninety-two percent over the same interval. The economic performance of the 
livestock and poultry sectors is cause for enthusiasm among beneficiaries. However, 
the increased animal inventory has been accompanied by a concomitant increase in 
animal waste. Complaints about the effects of increasing numbers of swine farms 
triggered the introduction of legislation in both the 1993 and 1995 Sessions of the 
General Assembly. A lagoon failure in June 1995 focused the public's attention on 
the attendant water quality issues. 


Water Quality Regulations. Until recently, animal waste was a topic that occupied 
only a few paragraphs from the thousands of pages of State and federal 
environmental regulation. Federal rules specifically define large "concentrated 
animal feedlots" (inventories greater than 1,000 cattle; 2,500 swine; 10,000 sheep) as 
point sources, implying that they should be regulated under the same National 
Pollution Discharge Elimination System (NPDES) that issues permits for industrial 
and municipal wastewater discharges. 


Beyond that specific mention, farms at a lesser scale are presumably prohibited along 
with all other enterprises from introducing pollutants. to navigable waters through 
"discrete conveyances II that is, point sources, except under color of a permit. 
However, the environmental impact of farming is generally believed to be from 
runoff from pastures, fields, and feedlots, rather than from the point source discharge 
of pollutants. 


Federal law largely leaves the regulation of these nonpoint sources to the states. 
Agriculture's potential impact was only recognized when states began to look 
seriously at IInonpoint source" pollution as a cause of persistent water quality 
problems. 


Historically, animal waste management systems in North Carolina were IIdeemed 
permitted" so long as they were operating without discharging pollutants to surface 
waters. However, rapid expansion of the swine industry in Eastern North Carolina, 
together with water quality problems attributed to the dairy industry in the Piedmont 
and mountain areas, pointed to the need for additional regulatory control. In the 
early 1990s, North Carolina regulators deftly bypassed practical arguments about 
whether animal agriculture should be regulated as a point source or a nonpoint 
source or both, and legal arguments about the limits of federal law by including 
animal waste management as a category of activity requiring a IInondischarge permit ll


• 


The non discharge program is a State government innovation. It requires State 
permission to handle or dispose of waste that cannot legally be discharged into a 
waterway on grounds that, if a discharge did occur, it would be injurious to water 
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quality. Farms raising livestock were made subject to State nondischarge rules (see 
15A NCAC 2H. 0200, popularly known as the .0200 rules). Animal farming 
operations that have fewer than 100 head of cattle, 75 horses, 250 swine, 1,000 sheep, 
or 30,000 birds using wet waste management systems are simply deemed to be 
permitted without meeting any new requirements. Those operations with stocks 
above those thresholds are also deemed permitted, but only if they develop and 
follow approved waste management plans that incorporate best management practices 
promulgated by the North Carolina Soil and Water Conservation Commission or the 
United States Department of Agriculture. 


To retain deemed permitted status after December 31, 1997, farmers must have 
supplied the Division of Environmental Management (DEM), a State agency, with a 
form assuring that their plan has been reviewed and certified. New or expanding 
livestock facilities must obtain certified animal waste management plans prior to 
stocking animals. Animal operations that were functioning prior to February 1, 1993, 
referred to as "existing operations", are treated differently than those that came on 
line after that date. Existing animal waste management systems must meet operating 
and maintenance standards. They are not required, however, to meet facilities design 
and construction standards. 


Obviously, the animal waste management plan is the keystone in this regulatory 
system. The animal waste management plan includes four basic elements that are 
prepared on a site-specific basis. The elements are: (1) waste collection, (2) waste 
storage, (3) waste treatment, and (4) waste application. Each element of the plan 
requires the implementation of one or more agricultural "Best Management 
Practices" or "BMPs". 


BMPs are a set of measures believed on the basis of field experience and scientific 
measurement to reduce nonpoint pollution. BMPs include such items as grassed 
waterways, filter strips, and terracing: traditional conservation techniques that have 
been subsidized by the State through some form of cost-sharing. Agricultural BMPs 
are not generally defined; however, the Soil and Water Conservation 'Commission has 
been charged with developing a list of acceptable BMPs that may be used in 
developing certifiable plans under the .0200 rules. It is worth noting that North 
Carolina has funded BMPs aggressively since 1984, when the Agriculture Cost Share 
Program for Nonpoint Source Pollution Control was created with a $2.0 million 
appropriation to encourage soil loss prevention and minimize sedimentation. By 
1995 funding had grown to $8.2 million, and more than 2,000 farmers were receiving 
reimbursement of up to seventy-five percent of the cost of practi'Ces designed to 
protect soil and water, including improved animal waste management. 


Qualified technical specialists designated by the Soil and Water Conservation 
Commission must certify that each element of the animal waste management plan 
meets standards set forth in the Technical Guide published by the Natural Resource 


3 







Conservation Service, United States Department of Agriculture. BMPs approved for 
use in the Agriculture Cost Share Program for Nonpoint Source Pollution Control 
are also approved for use. The standards cover both the design of facilities, like 
lagoons or storage pits, and the operating specifications, such as "agronomic" waste 
application rates that avoid overloading the absorptive capacity of spray fields. 
Buffers must separate both the spray fields and storage of treatment facilities from 
perennial streams. 


The preparation and certification of animal waste management plans to meet the 
nondischarge rules has been a troublesome exercise. Technical specialists include 
representatives from the Soil and Water Conservation District Offices, Cooperative 
Extension agents, staff of the Natural Resources Conservation Service, and 
professional engineers. Interpretations of the rules and rule requirements vary among 
the agency representatives. The result has been confusion among the regulated 
community and delays, both by farmers in seeking assistance to obtain certification of 
animal waste management systems and by local technical specialists who are relucLmt 
to certify that plans meet the no discharge standards. 


Other Laws and Regulations. In addition to water quality regulations, there are other 
requirements scattered throughout the North Carolina General Statutes that impact 
on the operation of livestock facilities. During the 1995 Session, Senate Bill 974 was 
ratified, adding a new Part to Article 21 of Chapter 143 of the General Statutes. 
Senate Bill 974 requires the Division of Environmental Management, in cooperation 
with the Cooperative Extension Service, to develop and administer a training and 
certification program for animal waste management operators on swine farms. Each 
applicant is required to complete at least six hours training and pass an examination. 
As of January 1, 1998, only a certified operator may apply animal waste to the land. 
As is indicated by the descriptions above, the livestock industry is regulated largely at 
the State level. Resources available to local governments to control the burgeoning 
livestock industry are limited. County public health departments may enact 
ordinances affecting the operation of livestock farms; however, $uch ordinances must 
have a public health basis. A few counties have imposed :'moratoriums on the 
construction of new swine farms. These moratoriums are grounded in the general 
police power delegated to the counties by the General Assembly. 


One of the primary tools a county may use to plan for orderly growth within its limits 
is zoning. Bona fide farms, however, are exempt from county ioning authority. The 
General Assembly has attempted to deal with the issues spawned by the proliferation 
of swine farms by enacting legislation during the 1995 Session that provides statewide 
minimum setbacks for swine farms. The General Statutes now provide that swine 
houses and lagoons on farms sited after October 1, 1995, must" be situated at least 
1,500 feet from any residence, 2,500 feet from any church, school, or hospital, and 
100 feet from any residential property line. The statutes further require a minimum 
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50-foot buffer for land application of wastes from the boundaries of residential 
property and perennial streams. 


The North Carolina General Statutes also contain "right to farm" provlSlons. These 
statutes were enacted in recognition of the conflicts that arise when nonfarm uses 
extend into agricultural areas. Their intent is to reduce the loss of agricultural 
resources by limiting the circumstances under which they can be declared a nuisance. 
No agriculture or forestry operation that was not a nuisance at the time it was ,begun, 
may become a private or public nuisance by virtue of changed conditions in the area 
after it has been in operation for one year. The exception does not apply where 
nuisance results from the negligent operation of the facility. 


Issues Addressed By the Commission. The Commission spent several months 
identifying and sorting issues that appeared most central to its charge. Generally, 
those issues fell into four categories. The first area of concern was the adequacy of 
program management. For example: Is there coordination and consistency among 
the several State and federal agencies that have roles in the regulation of animal 
agriculture? Are agencies dedicating sufficient manpower and other resources? Do 
they have realistic plans for completion of the certification process by the 1997 
deadline? 


The second broad issue was the adequacy of the standards that are being applied 
through the nondischarge program. For example: Do the specifications for lagoon 
design realistically address the potential for emergencies? Should land or buffer 
requirements be explicitly based on risk of environmental damage? Are there 
satisfactory safeguards against groundwater contamination from seeping storage pits? 
Should animal operations be subjected to local zoning control as well as State 
environmental regulations? 


The third general category was the adequacy of enforcement and compliance. For 
example: Should the "deemed permitted" approach be replaced with a more 
aggressive regulatory design? Should animal waste management systems be 
inspected? If so, how often? 


The last area of concern was the necessity for future research initiatives. As has been 
noted above, there is a serious lack of data on the impact of intensive livestock 
operations on groundwater supplies. Further information is also needed to identify 
non point sources of nitrates and to direct regulatory efforts toward nutrient control in 
a cost-effective manner. Finally, it is clear that vigorous efforts need to be 
undertaken to develop new animal waste management technologies to protect the 
environment and improve the quality of life for those living in close proximity to 
livestock farms. 
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The findings and recommendations adopted by the Commission do not exhaust all of 
the issues that were taken up under the cited categories. In some cases, members felt 
that they had insufficient information to reach conclusions. In other cases, members 
became well informed but could not reach agreement. Responding to public opinion, 
members focused upon animal waste as opposed to the more general topic of 
agricultural waste, and discussion naturally gravitated toward swine farming because 
of the controversy attending their rapid growth during recent years. 
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II. FINDINGS AND RECOMMENDATIONS 


As noted in the introduction, the Commission made extensive findings and 
recommendations in four areas: The adequacy of program management, the 
adequacy of standards, the adequacy of compliance and enforcement, and future 
research initiatives. The following contains a narrative of the findings made by the 
Commission on each issue, followed by the recommendations based upon those 
findings. 


A. ADEQUACY OF PROGRAM MANAGEMENT 


Through testimony received in public hearings and evidence presented by State and 
federal personnel, the Commission learned that issues of program management 
continue to plague government agencies involved in regulation of intensive livestock 
operations. Many of the problems are routine travails of bureaucracy that would be 
overlooked in other circumstances, however, the urgency and scale of public concern 
about agricultural waste policy magnifies administrative weaknesses. Unless steps are 
taken to address these weaknesses, confidence will erode both among interested 
citizens and among members of the regulated community. 


Agencies from all three levels of government have some hand in the regulatory 
system. From the federal level, the Natural Resource Conservation Service (NRCS) 
within the Department of Agriculture (USDA) has a direct role as a provider of 
technical assistance to farmers, while the Environmental Protection Agency (EPA) 
has an indirect role as administrator of federal environmental programs. At the State 
level, the Division of Environmental Management (DEM) and the Division of Soil 
and Water Conservation (DSWC), both agencies within the Department of 
Environment, Health, and Natural Resources (DEHNR), have direct roles: the first as 
an environmental regulatory agency and the second as a provider of both technical 
and financial assistance to farmers. 


The North Carolina Department of Agriculture (NCDA) and the North Carolina 
State University Cooperative Extension Service (CES) are State-level agencies that 
provide technical assistance, training, and laboratory services to farmers. At the local 
level, Soil and Water Conservation Districts (SWCDs) allocate cost-sharing resources 
and provide technical assistance to farmers. 


At present there is no single deliberative or authoritative body that represents the 
combined efforts of these agencies. Attempts to harmonize policy information being 
distributed to farmers have been partially successful, however, contradictions remain. 
Obvious confusion and disagreement over the meaning of such key concepts as "no 
discharge of pollutants II gives the regulations a tentative quality not encouraging to 
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farm operators, for whom compliance may mean a long-term investment In 


equipment or land. 


A-I. "ZERO DISCHARGE" STANDARD 


The interpretation of the zero discharge requirement under the .0200 rules is 
significant and has important implications. "No discharge of pollutants" is often 
confused with and used interchangeably with "no discharge of water". "Animal 
waste management system" is defined under the .0200 rules as "a combination of 
structural and non structural practices which will properly collect, treat, store, or 
apply animal waste to the land such that no discharge of pollutants occurs to surface 
waters of the State by any means except as a result of a storm event more severe than 
the 25-year, 24-hour storm") This language is interpreted by some technical 
specialists as establishing a performance standard rather than a technology standard. 
Technical specialists justifiably are reluctant to sign the certification statement for an 
animal waste management plan because of the lack of clarity regarding the 
interpretation of the zero discharge requirement and their concern regarding 


---" potential legal liability. The current slow pace of certification of animal waste 
management plans is in part caused by the confusion surrounding the meaning of "no 
discharge" . 


Recommendations 


1. The "no discharge" requirement under the .0200 rules should be clarified by the 
Environmental Management Commission as to whether it is a performance 
standard or a technology standard so that technical specialists can determine 
what discharge limitation the animal waste management plans they certify m llst 
satisfy. 


2. The Environmental Management Commission should amend the definition of 
animal waste management system under the .0200 rules as necessary to give "no 
discharge" a meaning that is economically practical and technologically 
achievable. 


A-2. REGULATORY CONSISTENCY 


An animal waste management plan must be certified by a technical specialist. Some 
technical specialists are employees of the Soil and Water Conservation Districts 
(SWCD), some are employees of the Natural Resources Conservation Service 
(NRCS), some are employees of the Agronomic Division of the North Carolina 


1 15 NCAC 2H.0203(3). 
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Department of Agriculture (AgrO). and others work for the North Carolina State 
Cooperative Extension Services (CES). (Private professional engineers also can serve 
as technical specialists.) AgrD also provides technical assistance to farmers in 
developing waste utilization plans. 


Involvement by these various agencies can easily lead to uncertainty and confusion 
within the regulated community. Currently, personnel from NRCS, DSWC, AgrD, 
and CES do not provide uniform interpretation of the .0200 requirements for 
certification of animal waste management plans. A single reliable source of 
information and assistance is vital. Operators and technical specialists need to be 
kept informed of new interpretations and revised procedures that affect the 
certification process. Interagency training is needed in some instances. 


Further, interagency teams are needed to provide uniform strategies for operators to 
meed the certification deadline. Communication among operators, technical 
specialists, NRCS, DSWC, CES, AgrD, and DEM is often inadequate to facilitate the 
certification process. [ndustry can and should assist the education and 
communication processes. 


Recommendations 


1. This Commission endorses the interagency group formed in February 1996, 
which consists of two representatives from each of four agencies: NRCS, DEM, 
DSWC, and CES. Two representatives from the North Carolina Department of 
Agriculture should be added to that group. The interagency group should 
address questions from technical specialists, publish its decision on a regular 
basis, and remain in existence until such time after December 31, 1997, that the 
Secretary of Environment, Health, and Natural Resources determines the 
interagency group is no longer needed to resolve issues related to certification of 
animal waste management plans. 


2. Establish a county team in each Soil and Water Conservation District (SWCO). 
Each team should consist of a technical specialist from each of three agencies: 
NRCS, DSWC, and CES. 


3. Establish regional animal waste teams that include representatives from the 
following agencies: NRCS, DSWC, CES, and NCDA.The regional teams 
should analyze county needs and coordinate whatever assistance regarding the 
.0200 rules is needed. : 


4. The Natural Resource Conservation Service, the Division' of Environmental 
Management, the Division of Soil and Water Conservation, the Agronomic 
Division, NCDA, and the Cooperative Extension Service should update the 
Guidance Document. a memorandum from NRCS, DEM, DSWC, and CES, and 
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circulate the updated version to all technical specialists, including private and 
industry technical specialists. 


5. Before June 1, 1996, NRCS, DSWC, CES, and the NCDA should conduct joint 
on-site animal waste training for all technical specialists to ensure consistent, 
quality work. Leadership for NRCS, DEM, DSWC, CES, and NCDA should be 
present to explain what is expected of the technical specialists and to empower 
them to use their best judgment in designing animal waste management systems 
without fear of being second guessed or overruled. 


A-3 .. 0200 CERTIFICATION DEADLINE 


Many operators subject to the .0200 rules are unsure that the December 31, 1997, 
deadline to have an approved animal waste management plan will be enforced. A 
perception exists among operators that public pressure will force more changes that 
will render today's certification invalid. If a large number of operators wait until 
shortly before the December 31, 1997 deadline to initiate the certification process, 
Natural Resources Conservation Service, Division of Soil and Water Conservation, 
and Cooperative Extension Service will be unable to provide adequate or timely 
technical assistance. Lack of engineering assistance is a particular concern of 
operators. There is little incentive to encourage operators to initiate the certification 
process well before the deadline. 


Current funding for technical support for design, inspection of construction, and 
testing of animal waste management systems is adequate. 


Current funding for the Agriculture Cost Share Program for Nonpoint Source 
Pollution Control is inadequate to accomplish the certification of animal waste 
management plans by December 31, 1997. The current limitation on the 
disbursement of agriculture cost-share funds is not justified and hinders the 
certification process. 


Recommenda tions 


1. Do not relax the .0200 rules by postponing the December 31, 1997 certification 
deadline. Communicate this position to all operators of intensive livestock 
operations. 


2. All operators should be advised to contact their SWCD by September 1, 1996, 
and initiate the certification process. Those who meet this deadline should be 
given high priority to receive technical assistance; those who do not should not 
be assured technical assistance by the December 31, 1997 deadline. The 
Environmental Management Commission should be authorized to enter into 
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special agreements or special orders so that operators who register by the 
September 1, 1996 deadline and make a good faith effort to meet the 
certification requirements by December 31, 1997 will not be held in violation of 
the .0200 rules. The special agreement should set forth an enforceable schedule 
that would bring the operator into compliance. The Environmental 
Management Commission should strictly enforce the penalties available against 
those operators who fail to sign up or otherwise fail to make a good faith effort 
to be certified by the deadline. 


3. The assigned technical specialist should present the operator with a timetable to 
accomplish the steps of certification. This timetable should be specific to the 
circumstances of each operator. The timetable should include a deadline for the 
technical specialists to arrive at design alternatives for that operation and a 
deadline for the operator to make a design decision. The same process should 
follow until implementation is complete. 


4. Appropriate funds to the Division of Soil and Water Conservation for technical 
support to producers. These funds should be used for design, inspection of 
construction, or testing of animal waste management systems that are needed for 
certification under the .0200 rules. 


5. The animal agriculture industry should be more aggressive in education and 
coordination efforts on certification under the .0200 rules. 


6. Appropriate $3,800,000 to DEHNR for the Agriculture Cost Share Program for 
Nonpoint Source Pollution Control and remove the current $15,000 annual cap 
and substitute a $75,000 total cap for funds received by a recipient under this 
program. Consider other incentives, including tax incentives, that will 
encourage farmers to adopt environmentally sound animal waste management 
practices. Funds for animal waste management should be allocated to projects 
in, river basins in order that the funds will have the greatest impact on 
improving water quality. 


7. The Natural Resources Conservation Service and Cooperative Extension Service 
should allocate resources such that tasks related to the certification process 
under the .0200 rules are given priority. 


A-4. LOCAL ZONING/PUBLIC NOTICE 


Counties may enact ordinances that affect swine operations under the counties' 
authority to regulate conditions detrimental to the health, safety, or welfare of its 
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citizens.2 Also, local boards of health may adopt rules necessary to protect the 
public health) However, counties are prevented from enacting zoning ordinances 
that affect bona fide farms.4 


Senate Bill 1080,5 enacted in the 1995 Session, placed restrictions on the siting of 
intensive livestock operations. Intensive analysis of data from Pitt County, which is 
representative of a swine-producing area of North Carolina with respect to its 
population, population density, land area, and geography, shows that the impact of 
Senate Bill 1080 is substantial. Senate Bill 1080 essentially operates as a statewide 
land-use planning law. It is in the best interest of the State that siting limitations be 
uniform throughout the State and that siting limitations be established by the General 
Assembly rather than by local governments. 


Adjoining property owners should be informed of plans to construct a new swine 
farm, or expansion of an existing swine farm beyond the capacity of its current 
animal waste management system, before a permit is issued by the Division of 
Environmental Management. Adjoining property owners should not be able to block 
the siting of a swine operation that otherwise complies with all applicable laws and 
rules. Neighbors should have an opportunity to bring to the Division's attention any 
reasons known to the neighbors that the proposed operation would violate an 
applicable law or rule. The intent of the notice requirement is to establish a dialogue 
between swine farmers and their neighbors and to assure that neighbors will have an 
opportunity to have written input to the permit process. 


Recommendation: 


1. Do not extend the authority of counties to adopt zoning ordinances that affect 
intensive livestock operations. 


2. After completing the site evaluation and before the farm site is modified, a 
person who intends to construct a swine operation, shall attempt to notify all 
adjoining property owners and all property owners Who own property located 
across a public road, street, or highway from the swine farm that the person 
intends to construct the operation .. This notification shall be by certified letter 
sent to the addresses on record at the property tax office. The letter shall 
include: 


2 


3 


4 


5 


153A-121 


130A-39 


G.S. 153A-340 


Article 67, Chapter 106 of NC General Statutes 
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(1) The name and address of the person intending to site the swine 
operation. 


(2) The type of swine operation and the design capacity of the animal waste 
management system. 


(3) The name and address of the technical specialist preparing the animal 
waste management plan. 


(4) The address of the local Soil and Water Conservation District Office. 


(5) Information informing the adjoining property owners and all property 
owners who own property located across a public road, street, or highway 
from the swine farm that they may submit written comments to the 
Division of Environmental Management. 


This recommendation applies to new swine operations and to those operations 
expanded beyond the design capacity of the existing animal waste management 
system. 


A-S. SITING LIMITATIONS FOR SWINE FARMS 


The interpretation of the language in Senate Bill 10806 is not consistent with the 
original intent of the legislation due to the use of ambiguous language. Senate Bill 
1080 was intended to apply to the siting of swine houses or lagoons that are located 
only on new swine farms, that is, farms for which a site evaluation is completed on or 
after October 1, 1995. It was intended to affect new swine operations and certain 
expansions of swine farms that had swine houses or lagoons constructed before 
October 1, 1995. Senate Bill 1080 was not inteng.ed to apply to expansions that were 
anticipated before October 1, 1995. The registration or the approved waste 
management plan indicated whether the expansion was anticipated before October 1, 
1995. Further, Senate Bill 1080 was not intended to apply to expansions that are 
necessary for compliance with the animal waste management rules but are not for the 
purpose of increasing the animal population. 


As the agency that issues permits for intensive livestock operations, DEM is the 
appropriate agency to enforce Senate bill 1080." The enforcement mechanism for 
Senate Bill 1080 should be explicitly stated in the legislation. 


6 Ibid 
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Recommendation 


Amend the Swine Farm Siting Act to clarify ambiguous language and to add an 
enforcement mechanism as provided in the Commission's legislative proposal. 


A-6. BASINWIDE PLANNING 


Basinwide planning is a systems approach to planning. Basinwide plans consider all 
point sources and nonpoint sources of pollutants in surface water and groundwater. 
The extent of the contribution of animal waste to nonpoint sources of pollution, if 
any, cannot be calculated at this time. The Department of Environment, Health, and 
Natural Resources already has the authority to develop basinwide management plans 
for the 17 river basins in the State. The basinwide management approach to 
protecting the waters of the State is a desirable approach. 


Recommendation 


The Commission endorses the basinwide approach to water quality protection and 
encourages the accelerated development of basinwide management plans. 
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B. THE ADEQUACY OF STANDARDS 


A second broad group of concerns heard by the Commission revolves around the 
standards and requirements being applied to intensive livestock operations through 
the regulatory processes. The Commission concluded that requirements being 
imposed through the .0200 rules are adequate to protect the environment. The 
Commission was apprized that the current standards in the NRCS Technical Guide 
were in the process of being revised by a group consisting of three subcommittees, 
charged to revise the technical standards related to animal waste. Problems may exist 
now, testimony suggested, but they will disappear as the rules are implemented. This 
opinion was offered by both the Department of Environment, Health, and Natural 
Resources and by representatives of the swine industry. The set of recommendations 
that follows represent what the Commission considered to be improvements to the 
.0200 rules. 


B-1. POULTRY DRY WASTE 


Although poultry farms are currently subjected to the nondischarge rules, they are 
also required by those rules to prepare waste management plans only in those rare 
cases where the flock exceeds 30,000 birds and wet litter disposal systems are 
employed. Dry litter poultry operators retain a deemed permitted status that 
continues so long as three conditions are satisfied. These conditions include: (1) 
spreading dry litter on the land at no greater than agronomic rates, (2) retaining litter 
disposal records for one year, and (3) siting litter stockpiles more than 100 feet from 
perennial streams. 


Poultry litter is particularly high in such conservative elements as copper and zinc, 
and the cumulative effect of many years of land application may be soil toxicity. The 
Commission observed that the current level of regulation does not acknowledge the 
potential long-term dqmage to the environment that may occur due to metals 
buildup. The only ptactical way to avoid this result is application at carefully 
computed agronomic rates, coupled with regular analysis of soil and litter samples to 
monitor soils concentrations. 


Recommendations 


1. No sooner than December 31, 1997, and no later than December 31, 1999, all 
poultry operations -'utilizing dry litter should have an animal waste management 
plan that includes a soil test to be performed at least annually and a waste 
analysis as close to the time of application as possible and at least within 60 days 
of the date of the waste's application. These records should be maintained for 
no less than three years. 
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2. Effective as soon as possible, extend the dry litter application records retention 
period from one year to three years. 


B-2. ODOR CONTROL 


Odor control is a legitimate public policy issue, even though uncertainty about health 
effects, the variability observed with odor measurement techniques, and the 
unpredictable nature of odor causation make reasonable regulation difficult. 
Commission members reviewed the Swine Odor Task Force report and heard further 
public testimony confirming the significance of odor as a nuisance factor associated 
with intensive swine operations. Farmers argue that some odor is a natural and 
inevitable by-product of animal-raising activity. However, odor can be minimized by 
using a variety of recognized best management practices that range from air scrubbing 
systems to simple housekeeping. These practices are not now required as an element 
of waste management planning nor are they eligible for reimbursement under the 
State's Agriculture Cost Share Program for Nonpoint Source Pollution Control. 


Recommenda tions 


1. Animal waste management plans submitted under the .0200 rules should include 
a checklist of potential odor sources and a choice of site-specific, cost-effective 
practices that will minimize those sources. The Soil and Water Conservation 
Commission should adopt odor control best management practices. These 
practices should be an enforceable element of the approved plan. 


2. Odor management practices should be made eligible for agriculture cost-share 
funds. 


3. Research into economically feasible odor control technology should be 
acc.elerated, anticipating that new methods will be developed and that these new 
methods may be considered for inclusion as a regulatory requirement as they are 
proven effective. This research should be jointly funded through private and 
public sources. 


4. Odor Best Management Practices requirements should become effective 
September 1, 1996 and apply to animal waste management systems for which an 
approved animal waste management plan is obtained on or after that date. The 
requirements should apply to all other animal waste management systems as of 
January 1, 1998. 


B-3. DEAD ANIMAL DISPOSAL 


Representative poultry mortality rates are 10% for turkeys and 5% for chickens. At 
these rates, given current North Carolina production, operators must dispose of some 
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45 million poultry carcasses annually. Annual swine mortality, based on similar 
calculations, is approximately 3.6 million. Although mortality can be regarded as 
part of the waste stream generated by livestock farms, carcass disposal is not covered 
in the animal waste management planning requirements of the .0200 rules. Instead, 
disposal of dead animals is governed by law and regulation aimed at preventing the 
spread of livestock diseases. North Carolina statutes require that animals be buried at 
three feet beneath the ground or otherwise disposed of in a manner approved by the 
State Veterinarian'? The Veterinary Division of the Department of Agriculture has 
issued rules accepting as alternative methods incineration, rendering at a rendering 
plant, and, in the case of poultry only, compo sting or placement in a disposal pit. 


The problems associated with improper carcass disposal include threats to human 
health, spread of animal disease, odor, and water contamination. The latter risk is 
addressed to a degree in the statute allowing burial, inasmuch as that option is not 
allowed within 300 feet of a flowing stream or public water body. The Commission 
concluded that the potential for harm has weight sufficient to merit regulatory action. 


Recommendation 


Provisions for dead animal disposal, setting forth legally acceptable methods whereby 
mortality will be addressed, should be required as a component of an approved 
animal waste management plan. These provisions should become effective 
September 1, 1996 and apply to animal waste management systems for which an 
approved animal waste management plan is obtained on or after that date and to all 
other animal waste management systems as of January 1, 1998. 


B-4. RIPARIAN BUFFERS 


Riparian buffers are cost-effective measures that protect State waters from animal 
waste runoff. They are thought to reduce nitrogen levels in such runoff by as much 
as seventy percent. Buffers are one of a few available means to effectively control 
runoff for dairies. 


The width and type of riparian buffer needed varies according to the particular 
conditions presented. Therefore, buffer requirements should apply site specific 
standards. The interagency group recommended in A-2 above includes persons with 
sufficient expertise to determine an appropriate and reasonable standard for 
mandatory buffers and to decide whether to make this standard site specific, uniform 
for each river basin, or uniform statewide. 


Recommendations 


7 G.S. 106-403; see also G.S. 106-549.70 
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1. Direct the interagency group to develop a standard for the use of riparian 
buffers or equivalent controls as a best management practice, particularly along 
streams designated as "perennial streams" on the United States Geological 
Survey quadrangle sheets. The interagency group must decide whether a 
uniform State standard, a basinwide standard, or a site specific standard would 
best protect water quality. 


2. Requirements for riparian buffer best management practices or equivalent 
controls should become effective September 1, 1996 and apply to animal waste 
management systems that are constructed or expanded beyond their design 
capacity on or after that date. Other systems should implement these practices 
or equivalent controls to the extent that land is available. 


8-5. EMERGENCY MANAGEMENT 


The .0200 rules consider a 25-year, 24-hour storm event the only emergency sufficient 
to suspend the no discharge requirement. Frequent heavy rains for an extended 
period of time, or chronic rainfall as was experienced in eastern North Carolina the 
summer of 1995 preceding the lagoon spill at Oceanview Farms, can lead to 
emergency conditions that threaten the environment as much as those created by the 
25-year, 24-hour storm event. The environment cannot be protected adequately 
without requiring the development of emergency procedures that must be followed 
during emergency conditions, including emergencies caused by chronic rainfall. 
Likewise, animal waste management plans do not adequately address the potential for 
emergency conditions nor explicitly set forth stc~)S to minimize environmental 
damage under such conditions. 


Recommendations 


1. Require emergency spillways for all new artd expanding lagoon facilities. Allow 
existing facilities to use agriculture cost shate funds to add optional spillways. 


2. Include site-specific emergency management elements in all animal waste 
management plans, detailing operating procedures that must be followed in 
times of emergency situations in order to minimize the environmental damage 
of catastrophic events. 


3. Amend the definition of "animal waste management system", which currently 
appears in the .0200 rules, so that chronic rainfall is treated the same as the 25-
year, 24-hour storm event. 
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4. Emergency spillway requirements should become effective September 1, 1996 
and apply to animal waste management systems that are constructed or 
expanded beyond their design capacity on or after that date. 


B-6. WASTE UTILIZATION PLANSIRECORD KEEPING 


Balancing nitrogen produced by intensive livestock operations with the nitrogen 
utilized by the crops to which the waste is applied is critical to avoiding runoff of 
nutrients. A waste utilization plan that is site specific and based on actual nutrient 
uptake is the best way to assure nitrogen balance. Waste utilization plans are critical 
for the protection of water quality. Current agronomic rates for application of wastes 
onto land are based on nitrogen as the limiting factor. Monitoring waste products 
and soils for heavy metals and phosphorous in addition to nitrogen is advisable. 
Currently, testing of waste products and testing of soils are not required under the 
.0200 rules. 


Record keeping plays an essential role both in best management prac[ices and in 
compliance monitoring. Although the existing .0200 rules provide that animal waste 
be applied to the land at agronomic rates,8 no records are required to be kept to 
demonstrate adherence to the rule. While the NRCS and DSWC have forms to guide 
farmers in preparation of waste utilization plans, a standard set of forms would 
provide certainty as to what is required and assist DEM inspectors with their work. 


Recommendations 


1. 


2. 


3. 


8 


Require record keeping as a component of animal waste management plans 
under the .0200 rules. 


Record-keeping requirements should be established by the Environmental 
Management Commission, Natural Resource Conservation Service, and the Soil 
and Water Conservation Commission, with technical assistance {rom the 
Cooperative Extension Service. 


For both wet and dry systems, require periodic testing of soils at crop sites and 
of waste products that will be used as nutrient sources. Soils should be tested 
annually. Lime should be applied to maintain pH in the optimum range for 
crop production. Waste products should be tested as close to the time of 
application as possible and at least within 60 days before or after the date of 
waste application. Nitrogen should be used as the rate determining element, but 
buildup of zinc and copper in the soils should be monitored and alternative sites 
used when these elements approach excessive levels. 


15A NCAC 2H.0217(a)(1)(H)(iv). 
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4. Require waste utilization plans to assure a balance of nitrogen application rates 
and crop requirements for nitrogen. Yield data and plant analysis should serve 
as the mechanism for maintaining this balance of nitrogen. 


5. Testing and recordkeeping requirements should become effective September 1, 
1996 and apply to animal waste management systems for which an approved 
animal waste management plan is obtained on or after that date. The 
requirements should apply to all other animal waste management systems as of 
January 1, 1998 .. 


B-7. INSECT CONTROL 


The Commission considered complaints from the public related to the impact of 
intensive animal farming on insect populations in the local area, and observed that a 
potential for nuisance conditions does exist. Like odor, fly infestation can be 
decreased by recognized site management practices. Many of these can be applied at 
minimal cost. 


Recommendations 


1. A list of insect control best management practices should be adopted by the Soil 
and Water Conservation Commission. 


2. Insect control best management practices should be made eligible for agriculture 
cost share funds. 


3. Animal waste management plans should include a checklist of potential insect 
sources and a choice of site-specific, cost-effective practices that will minimize 
the sources. These practices should be an enforceable element of an approved 
animal waste management plan. 


4. Insect control best management practices should become effective September 1, 
1996 and apply to animal waste management systems for an approved animal 
waste management plan is obtained on or after that date and to all other animal 
waste management systems as of January 1, 1998. 


B-8. APPLICATOR TRAINING REQUIREMENTS 


During the 1995 Session, the General Assembly enacted legislation requumg all 
persons operating animal waste management systems for swine farms to be certified 
by DEM.9 To be certified, each operator must take six hours of instruction and pass 


9 Part 9A, Article 21 of Chapter 143 of the General 
Statutes. 
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a test. DEM and CES were directed to develop the program of instruction. The law 
requires each operator to pay an initial fee of $10 and an annual renewal fee of $10 
for certification. 


During its review of the applicator trammg program, DEM brought to the 
Commission's attention the fact that the Water Pollution Control Systems Operators 
Certification Commission, established pursuant to Chapter 90A of the General 
Statutes, might be a more appropriate commission under which to place the 
certification program. The Certification Commission is charged with the training and 
certification of operators of systems that collect, treat, or dispose of waste for which a 
permit is required under rules adopted by the Environmental Management 
Commission or the Commission for Health Services. lO All other livestock waste 
management operators would be certified under this Commission if they were to be 
regulated. The new law makes swine an exception to the existing statutory scheme. 


DEM also indicated that six hours instruction was insufficient to adequately cover the 
materials that needed to be presented. Moreover, in addition to classroom 
instruction, some hands-on-training in the field is advisable. To arbitrarily limit the 
amount of time for training to less than required would likely thwart the overall goal 
of enhanced water quality protection through use of properly trained waste system 
operators. 


Questions about the potential impact of requiring each producer to pass a test as a 
certified operator were raised by several Commission members. The Commission 
concluded that farmers should have the option to hire a certified operator to oversee 
the farmer's waste management operations and that alternative testin'g procedures be 
available to farmers with learning difficulties. 


Recommendations 


1. Part 9A, Article 21 of Chapter 143 of the General Statutes should be repealed. 


2. The program of certification of swine waste management system operators 
should be placed under the Water Pollution Control Systems Operators 
Certification Commission. 


3. Two persons representing the animal agriculture industry should be added to 
the Certification Commission. 


4. Farmers should have the option to hire a certified operator to manage their 
waste systems. 


10 G.S. 90A-39 
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5. The number of hours of required training for certification should be limited to 
eight hours of classroom instruction and four hours of field training. 


6. Upon request, alternate methods of instruction shall be provided for persons 
with reading or learning difficulties. 


7. Make all operator training materials user friendly, taking into account the 
educational level of the applicant. 
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C. ADEQUACY OF ENFORCEMENT AND COMPLIANCE 


One of the questions placed squarely before the Commission by those seeking 
enhanced restraints upon the growth of the livestock industry was "Why should 
agriculture be treated differently from other waste-generating industries?" To address 
this question, the Commission reviewed the existing exemptions for agriculture or 
animal operations in the water quality statutes and the basis for granting each 
exemption. The Commission learned that changes in production techniques and farm 
size, coupled with the advent of corporate and contract farming, have changed the 
nature of agriculture. Nowhere is this more clear than in intensive livestock 
production. The bucolic picture of pastured livestock has given way to a technically 
advanced system of raising thousands of animals in confined facilities. Typically, 
millions of gallons of waste produced by each intensive livestock operation are 
treated and stored in lagoons and disposed of by land application of the waste. Such 
methods of agriculture are proving extremely efficient and profitable, but they also 
have created an increased potential for serious water quality problems. It is worth 
noting that lagoon and land application of waste is a preferred method of waste 
treatment. The State's nondischarge program has been in effect for at least 20 years. 
Nondischarge systems, however, must obtain permits under the nondischarge rules 
and their operators must be certified by the Water Pollution Control System 
Operators Certification Commission. Not until 1992, however, were the waste 
management systems for animal agriculture operations formally addressed in the rules 
and they currently hold a deemed permitted status. 


In the past two decades environmental efforts have focused primarily on eliminating 
point source pollution. Recently, however, there has been an increasing awareness of 
the role of non point source pollution in the State's water quality problems. Animal 
waste management systems utilized by intensive livestock operations are both 
potential point sources of pollution as well as contributors of nonpoint source 
pollution. Failure to properly construct and manage lagoons and related storage, and 
treatment structures can result in point source pollution as was seen by the failure of 
several lagoons in eastern North Carolina during the summer of 1995. Failure to 
properly manage the land application of wastes may result in excess nutrients 
reaching surface water through means such as runoff. 


Based upon the recognition of the increased potential for environmental harm.·and 
the increasing industrialization of animal agriculture, the Commission found that 
many of agriculture's exemptions from the operations of the environmental statutes 
are no longer warranted. The Commission recommends that differential treatment 
for agriculture be eliminated where it cannot be justified. The specific 
recommendations, set forth below, cover a wide range of issues and include- replacing 
the "deemed permitted" status of intensive livestock facilities with a standardized, or 
"general" permit, setting penalties for errant farming operations equivalent to those 
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for other environmental violators, requiring annual inspection of intensive livestock 
facilities and their waste handling operations and the payment of fees for general 
permit applications. 


C-l. PERMITS AND PERMITTING 


Under the existing rules, animal waste management systems that meet the appropriate 
criteria are "deemed permitted" and it is not necessary that owners of these systems 
apply for and obtain an individual permit.11 At the suggestion of the Division of 
Environmental Management, the Commission considered replacing the "deemed 
permitted" approach to regulation with a general permit model. 


The current "deemed permitted" system is based upon each facility obtaining a 
certified site specific animal waste management plan that incorporates best 
management practices for waste collection, treatment, storage, and disposal. Other 
criteria a facility must meet include maintaining minimum riparian buffers and 
setbacks, and providing adequate land to accommodate the application of animal 
waste at agronomic rates. The Commission found that the concept of using site 
specific waste management planning incorporating best management practices is an 
efficient and effective method of providing protection for the State's surface waters. 


There have been difficulties, however, in implementing the current system under the 
.0200 rules. Under the current rules, all facilities subject to the rules must have 
obtained an approved animal waste management plan that is certified by a technical 
specialist by December 31, 1997. As has been noted in detail in A-3 above, many of 
the producers have not initiated efforts to obtain plan approval. This has been due in 
part to the confusion among the agencies charged with providing technical assistance 
and certification. Varying interpretations abound as to what is necessary for 
certification as well as to what standards apply. 


OEM does not participate in the creation of the animal waste m...anagement plans but 
only receives notification that a certified plan has been obtairted. Its role in the 
current certification process is reactive, limited to enforcing the waste management 
plans. OEM does not review an animal waste management plan except when 
investigating in response to a complaint. 


A shift in regulatory approach to a gen ral permit model would have several 
significant advantages to the current syst m. Notably, it would centralize the 
authority for the permitting, inspection, nd enforcement process within OEM. 
Interpretation of the requirements of the ules would come from a single source. 
Further, OEM would have a greater level of scrutiny over the waste management 


11 15A NCAC 2H .0217 
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plans being submitted. DEM would receive the permit application and either 
approve or disapprove its conformance with the general permit. 


As envisioned by the Commission, the general permit model would retain the 
positive features of the deemed permitted rule. It would allow DEM to issue a 
permit to a class of activity, here an animal waste management system, based upon 
compliance with a general set of requirements. The core of the general permit 
requirement would be the site specific animal waste management plan based upon 
best management practices determined to be most suitable for that operation. Thus 
the implementation of a general permit could be accomplished without disturbing the 
ongoing process of certification. Finally, the issuance of a general permit would have 
the advantage of placing in the producer's hands a document that spelled out clearly 
the regulatory requirements applicable to that facility. 


Recommendations 


1. The deemed permitted approach should remain in place for livestock operations 
beneath the .0200 thresholds: less than 100 cattle, 250 swine, 75 horses, 1,000 
sheep, and 30,000 birds with a liquid waste system. 


2. General permits, one for each species of livestock, should replace the deemed 
permitted status for all animal waste operations equal to or above the .0200 
thresholds. (Sample general permits may be found in the appendices to this 
report.) 


3. The animal waste management plans now required under the .0200 rules should 
be a central component of the general permit. 


4. Individual permits may be required for noncompliant facilities and for facilities 
proposing to use alternative animal waste treatment systems. 


C-2. SPECIAL ORDERS 


North Carolina's water quality statutes provide the Environmental Management 
Commission authority to issue special orders compelling persons found to be causing 
or contributinr to water pollution to take' or refrain from taking action to eliminate 
the pollution. 2 This statute also provioes the Commission the authority to enter 
into special consent orders and assurances of voluntary compliance with persons 
responsible for causing water pollution. This particular compliance "tool" provides 
needed flexibility in fostering compliance with environmental rules. It allows DEM 
to provide violators with a schedule of actions to bring their activities into 


12 G.S. 143-215.2 
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compliance within a specified time frame, with specific stipulated fines for 
nonperformance. Except in extreme cases, the public interest is served when those in 
violation of environmental standards are required to correct deficiencies in 
compliance with a reasonable schedule. Agricultural operations, however, currently 
are excluded from the operation of these statutes. 


As has been noted throughout this report, agriculture has come under increasing 
regulatory scrutiny and control due to its potential contribution to both point and 
nonpoint source pollution. As the regulatory burden has grown, the costs of 
acquiring pollution control technology and implementing environmentally sound 
management practices have placed an economic burden on agriculture that cannot be 
shifted to consumers as can be done in other industries. The Commission believes 
that the use of special orders and special consent orders would benefit the 
agricultural community by allowing DEM, where necessary, to set a reasonable 
schedule to obtain compliance with the water quality rules. The Commission also 
found that the inability to use special orders has hampered the certification process 
under the .0200 rules, particularly in the case of the dairy industry, by limiting the 
Department'S ability to work with farmers who are attempting to implement best 
management practices but are limited by time and financial constraints and weather. 


Recommendation 


Amend the statutes to give the Environmental Management Commission authority to 
enter into special orders and special consent orders with agricultural operations in 
violation of the water quality stJ.tutes. 


C-3. PENALTIES 


Current law provides that fines and penalties for the construction of conveyances, 
such as pipes or ditches, on livestock or poultry farms for the willful discharge of 
wastes to the waters of the State may not exceed $5,000 for the first offense.!3 
Other environmental violations, however, may carry civil penalties of up to 
$10,000.1 4 The Commission could find no compelling reason for limiting the 
penalties that may be imposed upon livestock and poultry producers for willful 
violation of the water quality statutes. 


Recommendation 


13 G.S. 143-215(e) 


14 G.S. 143-215.6A 
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Penalties for constructing conveyances on livestock and poultry farms for the purpose 
of willfully discharging pollutants to the waters of the State should be set at $10,000, 
consistent with the civil penalties imposed for other environmental violations. 


C-4. INSPECTION AND ENFORCEMENT 


Inspections are a part of the everyday compliance monitoring done by the Division of 
Environmental Management and a fact of everyday life for the regulated community. 
Major permitted facilities are usually subject to annual inspection, while smaller 
operations may be inspected as infrequently as every five years. Animal waste 
management systems, however, have never been subject to routine inspections. 
Historically, the Division of Environmental Management has inspected such facilities 
only in response to complaints. 


Recommendations 


1. A systemic monitoring and inspection program should be applied to intensive 
livestock operations. The program should involve technical assistance from the 
Division of Soil and Water Conservation, the Natural Resources Conservation 
Service, the Agronomic Division of NCDA, and the Cooperative Extension 
Service. Regulatory inspections should be conducted by the Division of 
Environmental Management. 


2. Each intensive livestock operation may be subjected to an annual operations 
review to assure full compliance with applicable laws and regulations. This 
review may be carried out by qualified staff from Soil and Water Conservation 
Districts. Operators should be advised of minor deficiencies found during the 
review and should be given reasonable opportunity to correct those deficiencies 
before enforcement action is taken. In the event of major deficiencies posing an 
immediate threat to the environment or in cases of operator intransigence, 
Division of Environmental Management enforcement personnel should be 
directly and immediately involved. 


3. Each intensive livestock operation and its animal waste management system that 
is required to obtain an approved animal waste management plan should be 
inspected annually_ Additional inspections should be scheduled for facilities 
found to be noncompliant. 


c-s. FEES FOR PERMITTING AND INSPECTION OF 
ANIMAL WASTE MANAGEMENT SYSTEMS 


The collection of fees from regulated industries to offset the costs of implementing 
environmental programs is established policy in North Carolina. As agriculture 
becomes increasingly subject to environmental regulation, the question arises whether 
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agriculture should also pay a like share for the programs required to ensure their 
compliance with water quality statutes and rules. After considerable debate, the 
Commission agreed that the animal agriculture industry should contribute to the cost 
of implementing the permitting and inspection program recommended in this report. 
The fee would be imposed upon each swine, cattle, and poultry operations required 
to obtain a permit for its animal waste management system from DEM. As 
recommended by the Commission, this fee would be tiered and assessed on a live 
weight basis. No fee would be assessed on those facilities that operate on a deemed 
permitted basis. The total amount of the fees collected by DEM should not exceed 
40% of the total cost of the regulatory program. This is consistent with the 
limitations on fees that may be assessed other industries that are required to obtain 
water quality permits. 


Recommendations 


1. DEM should be authorized to collect an annual fee to cover up to 40% of the 
cost of its permitting and inspection program for animal waste management 
systems. 


2. The fees shall be structured on a tiered basis as follows: 
a. For each animal waste management system with a design capacity 


of at least 38,500 pounds steady state live weight and less than 
100,000 pounds steady state live weight, the annual fee shall be 
$50. 


b. For each animal waste management system with a design capacity 
of at least 100,000 pounds steady state live weight and less than 
800,000 pounds steady state live weight, the annual fee shall be 
$100. 


c. For each animal waste management system with a design capacity 
of 800,000 pounds or greater steady state live weight, the annual 
fee shall be $200. 


3. The fees recommended in this section should be assessed on swine, cattle, and 
poultry facilities meeting the size thresholds for obtaining a general or 
individual permit. No fee should be assessed on animal agricultural operations 
that fall within the "deemed permitted" category. 
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D. FUTURE RESEARCH INITIATIVES 


From the evidence presented to the Commission, it was obvious that additional 
research is needed in several critical areas in order to develop a regulatory approach 
based upon scientific fact. The impacts of older lagoons on groundwater quality is 
not yet known. Sources of nonpoint nitrate pollution in our surface waters have not 
been specifically identified. Alternate innovative technologies must be pursued and 
made available to the livestock industry to supplement lagoon and sprayfield 
technology as part of the overall effort to ensure that their impact upon the 
environment is minimized. 


D·1. ALTERNATIVE TREATMENT METHODS 


In the intermediate to long run, exclusive reliance upon lagoon technology as the 
permitted method of animal waste disposal is not prudent. New and innovative waste 
management technologies that are proven to be viable should be encouraged. When 
adequate data exists to indicate the reliability of the technology, backup waste 
management systems should not be required. 


At present, State government does not appear to be actively encouraging the 
development and use of alternative technologies. A major reason for the failure to 
accept alternative technologies is the absence of a satisfactory institutional 
arrangement for testing such technologies. 


Recommendations 


1. As a matter of State policy, encourage the development of alternative treatment 
and disposal technologies. Provide incentives to producers to participate in the 
evaluation of new and innovative animal waste management technologies. 
Direct the Division of Environmental Management to ensure that the regulatory " 
process is not limiting the use of innovative technologies and that the evaluation 
of technologies is made in a timely manner. 


2. Appropriate funds to the North Carolina Agricultural Research Service for a 
collaborative venture between the Service and DEHNR, that would serve as a 
focal point for experimentation with and testing of alternative animal waste 
disposal technologies for use in agriculture. 


3. Encourage the N.C. State University Animal and Poultry Waste Management 
Center to increase their current efforts to establish and monitor farms for 
demonstrating alternative technologies. 


D·2. GROUNDWATER QUALITY 
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Some lagoons constructed prior to February 1, 1993, were not required to satisfy 
Natural Resources Conservation Service design and construction criteria that went 
into effect February 1, 1993, for all lagoons pursuant to the .0200 rules. 


Seepage of wastewater beyond 200 feet of the lagoon as occurred in some instances, 
in most cases for "old lagoons". According to testing conducted by the Fayetteville 
Regional Office of Division of Environmental Management pursuant to the 
Governor's free drinking water well testing program for persons who reside in close 
proximity to hog farms, of 109 wells sampled, 30 have had nitrate levels in excess of 
10 parts per million and 29 have had nitrate levels between 1 and 10 parts per 
million. To date, it is the opinion of the Division of Environmental Management that 
at least one hog farm is the cause of the contamination of nearby drinking water 
wells. The results of the drinking water wells tests to date are a reason for concern 
and warrant close monitoring. 


Groundwater studies currently being conducted include only lagoons constructed 
according to current Natural Resource Conservation Service standards. More data 
concerning groundwater quality in the area surrounding hog farms is needed. 
Additional data regarding the quality of groundwater is needed. A groundwater 
study should be carefully designed to assure that the best scientific approach is taken 
in order to provide reliable results. 


Recommendations 


1. Direct a research institution to design and implement a scientifically based study 
for the purpose of determining the extent to which lagoons pose a threat, if any, 
to the groundwater of this State. Select for study lagoons that are representative 
of soil types and hydrologic conditions in North Carolina. 


2. For purposes of this study, a lagoon is posing a threat to ground~ater if nitrate 
levels exceed 10 parts per million outside the compliance boundary of 250 feet. 


3. An environmental interest group, a regulatory agency, and a commodity group 
representing the pork industry should participate in the study. 


D-3. WATER QUALITY 


Water quality can be degraded by a number of point sources and nonpoint sources of 
contaminants. Nonpoint sources of nitrates are diverse and potentially include 
municipal wastewater treatment systems, industrial systems, golf courses, commercial 
residential lawns, fertilizers, pesticides, animal waste and the natural ecosystem. The 
nonpoint sources of nitrates should be identified so that operators of intensive 
livestock operations know the contribution their industry makes to the degradation of 
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water quality. The technology exists to determine the nonpoint sources of nitrates in 
the waters of the State. 


Recommendation 


Fund research designed to identify sources of nitrogen in the surface and 
groundwaters of the State. 
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III. PROCEEDINGS 


The Blue Ribbon Study Commission on Agricultural Waste met 14 times on the 
following dates: October 11, 1995; October 25, 1995; November 8 and 9, 1995; 
November 30 and December 1, 1995; December 13 and 14, 1995; January 10, 1996; 
January 24, 1996; February 7 and 8 1996; February 20, 1996; March 6, 1996; April 10, 
1996; April 24, 1996; May 1, 1996; and May 8, 1996. For a complete record of the 
Commission proceedings, including minutes for each meeting, refer to the 
Commission notebooks on file in the Legislative Library in the Legislative Building. 
A brief summary of the Commission meetings follows: 


October 11, 1996 


After opening remarks by the Cochairmen Dr. Ernest Carl and The Honorable Tim 
Valentine and introductory remarks by each on the Commission members, Kelly 
Zering, Ph.D. Department of Agriculture and Resource Economics, College of 
Agriculture and Life Sciences, North Carolina State University, provided the. 
Commission with information regarding the historical and economic background of 
agriculture in North Carolina, emphasizing the poultry and swine industries. 
Historically, the main North Carolina crop was tobacco, a high value crop that 
requires relatively small acreage. According to one report, twenty-eight percent of 
the economy in North Carolina is dependent on agribusiness. In the last seven years, 
the number of farms in North Carolina that sell at least $1,000,000 in agricultural 
commodities has dropped from 70,000 to 58,000. In the 1980s the average size, farm 
in this State grew significantly to approxjmately 150 acres by 1987 and to 160 acres by 
1994. Now the average size farm in North Carolina is about one-quarter the average 
size farm in the Midwest. Like tobacco farms, poultry and hog farms do not require 
large amounts of acreage. Production contracts are unique to North Carolina and 
provide a small farmer with a low-risk way to become profitable. On the one hand, 
poultry production and swine production have provided §ome small farmers with an 
economically viable alternative to raising tobacco and a way to stay on the farm and 
earn a livelihood. On the other hand, increased farm size and increased 
specialization lower production costs and increase efficiency. Accordingly, the 
number of hog farms in North Carolina has decreased since 1988, while the number 
of hogs produced has increased over the same period. 


Dr. Zering estimated the total economic impact of the swine industry in North 
Carolina, including the multiplier effect, at more than $3 billion dollars, over $1 
billion dollars of which stays in the pockets of North Carolinians. At present, Iowa is 
the largest pork producing state with approximately 14,000;000 hogs. North Carolina 
is second with approximately 8,100,000 hogs. Packing capacity limits the growth of 
the industry. 
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Dewey Botts, Director, Division of Soil and Water Conservation, DEHNR, informed 
the Commission of the Division's role with respect to the regulation of intensive 
livestock operations and the role of the federal Natural Resources and Conservation 
Service (NRCS) in both implementing the .0200 rules and providing technical 
assistance to operators. The N.C. State Cooperative Extension Service and the North 
Carolina Department of Agriculture (NCDA) also provide technical assistance. 
Through the Agriculture Cost Share Program for Nonpoint Source Pollution Control, 
as provided in Part 9 of Article 21 of Chapter 143 of the General Statutes, funding 
may be provided to assist farmers in implementing certain best management practices 
or for certain other expenditures that lead to the reduction of agricultural nonpoint 
source pollution in the waters of the State. The State contributes seventy-five percent 
of these funds; the farmer is required to provide twenty-five percent. Between now 
and December 31, 1997, 2,400 to 2,600 intensive livestock operations have to be 
brought into compliance with the .0200 rules. The dairy operations in the western 
part of the State have the greatest and most costly problems to address before they 
are in compliance. It is anticipated that one-fourth to one-third of the dairy 
operations will have to go out of business due to their inability to afford the cost of 
coming into compliance. 


Mr. Steve Tedder, Chief, Water Quality Section, Division of Environmental 
Management (OEM), DEHNR and David Harding, staff for the Water Quality 
Section, spoke of the division's role in enforcing the animal waste management plans 
required under the .0200 rules and the requirement that operators register with DEM 
by December 31, 1993. Because intensive livestock operations are deemed permitted 
pursuant to the .0200 rules, the Division finds itself in a reactive position with respect 
to enforcement. It responds to complaints brought to its attention. Fol1owing the 
various lagoon spills that occurred beginning in June 1995, the Governor issued an 
Executive Order that required, in part, that OEM inspect all of the approximately 4, 
600 animal waste lagoons in the State. When the final report of the inspections is 
complete, it will be presented to the Commission. 


~ 


Susan Iddings, Commission Counsel, informed the Commission of legislatibn enacted 
by the 1995 General Assembly regarding intensive livestock operations. 


October 25, 1995 


This meeting provided an opportunity for various interest groups to express their 
positions regarding the recent rapid growth of intensive livestock operations in North 
Carolina. The following persons spoke before the Commission: Walter Cherry, 
Director, North Carolina Pork Producers' Association (he noted that the major hog 
counties are in the eastern part of the State, Duplin County is the number' one hog
producing county in the nation and the number one turkey-producing county in the 
nation, and Sampson county is the number two hog-producing county in the nation); 
Kristin Rowles, Executive Director, Pamlico-Tar River Foundation (she expressed the 
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Foundation's concern of the adverse environmental impacts of large-scale hog 
production and recommended a moratorium on the LB.P. processing plant being 
considered in the Pamlico-Tar River Basin); Bill Moser, P.E., Law Engineering and 
Environmental Services (he stated that his firm had submitted a proposal to the 
North Carolina Pork Producers' Association to produce a report containing their 
recommendations for any changes to current regulations of the industry); Rick Dove, 
Neuse Riverkeeper, Neuse River Foundation) he gave a slide presentation to illustrate 
his assertion that the Neuse Rive is one of the twenty most threatened rivers in all of 
North America); Roger Bone, Lobbyist, North Carolina Pork Producers' Association 
(he appeared in lieu of Marion Howard, who was scheduled to speak at this place in 
the agenda); Bill Holman, Lobbyist, North Carolina Conservation Council and the 
North Carolina Chapter of the Sierra Club (he acknowledged the contribution of 
other sources of water pollution in addition to the swine and poultry industries and 
presented a number of recommendations to the Commission); Jimmy Vincent, 
Environmental Resources Manager, Browns of Carolina (he assured the Commission 
that producers are eager to protect the environment and willing to comply with the 
.0200 rules); Don Webb, President, Alliance For A Responsible Swine Industry (he 
stated that his citizens' organization seeks to stop the odor associated with swine 
operations and to stop the pollution of air and water resources). 


Michael Williams, Ph.D., Commission member, spoke in his capacity as Director of 
the Animal and Poultry Waste Management Center, North Carolina State University. 
The Center is conducting research to determine a means by which animal waste can 
be used as a valuable resource. Members of the public made remarks from the floor. 


November 8 and 9. 1995 


The Commission traveled to Duplin County for its next meeting. On November 8, 
guided by Michael Suggs, District Conservationist, NRCS, the Commission toured the 
following facilities: Oceanview Farms, the site of the June 21, 1995, lagoon failure; 
the Joey Carter Farm, site of an experimental waste treatment system that is designed 
to eliminate the need for a typical waste treatment lagoon; the Gerald Knowles Farm, 
site of a constructed wetland used to treat animal waste; the David Summerlin Farm, 
site of a turkey mortality composting facility; and the Circle Q Farms, site of a well
managed, conventional waste treatment lagoon and spray irrigation system for a 4,000 
sow farrow to wean facility. At 7:00 p.m. the evening of November 8, the 
Commission conducted a public hearing at the James C. Sprunt Community College 
in Kenansville, North Carolina. Approximately 400 people attended this hearing. 


On November 9, 1995, the Commission held a meeting in the Board Room of the 
James C. Sprunt Community College Administration Building. The meeting 
consisted of discussion among the members of the Commission. No formal 
presentations were given; members of the public made remarks from the floor. 
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November 30 and December 1. 1995 


This two-day meeting in Raleigh was devoted to water quality issues and focused on 
the receipt of scientific evidence presented by scientists recognized as experts in their 
respective fields of study. First, Steve Tedder, Chief, Water Quality Section, DEM, 
DEHNR, explained the complex issues associated with animal waste management for 
the swine industry and reported the results of the inspections of animal waste lagoons 
that were ordered by the Governor after the June 21 lagoon spill at Oceanview 
Farms. The .0200 rules were adopted by the Environmental Management 
Commission on December 10, 1992, and became effective February 1, 1993. Pursuant 
to these rules, all animal operations having equal to or more than the threshold 
numbers of animals are required to have an approved animal waste management plan 
by December 31, 1997. At this time, only eight to ten percent of the operations 
affected by this requirement have an approved plan in place. Mr. Tedder 
characterized current record-keeping requirements as "woefully inadequate" to 
protect water quality. Agriculture cost share funds are available to farmers for 
certain costs associated with coming into compliance with the .0200 rules (G.S. 143-
215.74(b)(5) provides that funding may be provided to assist certain practices and for 
grade control structures, water control structures, and animal waste management 
systems and application to farmers who volunteer to participate in the program). Mr. 
Tedder is concerned that farmers who wait will find these funds no longer available. 


By November 28, 1995, 4,619 intensive livestock operations had been inspected by 
DEM staff. Most are located east of Raleigh. Of the total inspected: fifteen percent 
had inadequate freeboard, four percent exhibited seepage from lagoons, six percent 
had inadequate cover crops, twenty-six percent kept inadequate records, three 
percent had inadequate acreage set aside for irrigation with wastewater. Mr. Tedder 
concluded that the inspections had been extremely informative; previously DEM staff 
had not been available to conduct inspections. He expressed concern regarding 
operations that had gone out of business. Closure plans are needed. As a result of 
the inspections, DEM had initiated a number of enforcement actions. Enforcement 
options are: the imposition of civil penalties, injunctions filed by the Attorney 
General's Office, loss of an operator's deemed permit status, or a criminal action. 
Mr. Tedder made a number of recommendations to the Commission. Dewey Botts, 
Director, Division of Soil and Water conservation, DEHNR, added that the .0200 
rules are inadequate with respect to resources, recordkeeping, and training 
requirements for applicators of wastewater. 


Dr. J. Wendell Gilliam, Professor of Soil Science, NCSU, explained how nutrients 
leave the soil and get into water. Run off from an individual's house, garden, or 
from agricultural land contains some nutrients, mainly nitrogen (N) and phosphorus 
(P). Those nutrients are necessary for life in the water; however, excess nutrients 
cause problems. If harvested, coastal Burmuda grass removes N from the farm site, 
but if the grass is used for grazing by livestock, high concentrations of N will be left 
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at the farm as waste deposited by the grazing animals, and the N eventually gets into 
shallow groundwater. Phosphorous reacts with soil; therefore, phosphorous stays in 
surface soil. When used correctly and according to recommendations, animal waste is 
just as good a fertilizer as inorganic fertilizer. However, it is more difficult to 
correctly use animal waste as inorganic fertilizer. However, it is more difficult to 
correctly use animal waste as a fertilizer than it is to correctly use commercial, 
inorganic fertilizer. The amount of N and,P can be adjusted in commercial fertilizer. 
More P has been added to Coastal Plain soils over the years. Coastal Plain soils are 
generally higher in P than Piedmont soils. But, when Piedmont soils do become high 
in P, there is potentially a larger problem with regard to water quality. More N is 
lost to surface waters from Coastal Plain soils than from Piedmont soils. 


Senator Albertson urged the increased use of riparian buffers. Dr. Gilliam stated that 
at the coast, buffers of 30-50 feet are sufficient; 100 foot buffers consisting of t grass 
and t trees are ideal. 


Dr. Frank J. Humenik, Professor and Associate Head and Departmental Extension 
Leader, Biological and Agricultural Engineering, NCSU, assessed animal waste 
treatment systems. He has been working with these systems in North Carolina since 
1969. Dr. Humenik stated that lagoons with land irrigation systems provide cost
effective treatment. The key to that is that they must be properly designed, 
constructed, operated, and maintained. There are many cost-effective lagoon 
irrigation systems in North Carolina. The .0200 rules need to address chronic 
rainfalls in addition to the catastrophic rainfalls that are currently recognized as being 
outside the "zero discharge" requirement. Dr. Humenik said that he would like to 
see the Commission direct its attention to how to best handle discharges resulting 
from catastrophic and chronic rainfall beyond the .0200 rules, either through an 
emergency spillway or by irrigating onto land, depending upon the site. 


Dr. Hans W. Paerl, Kenan Professor of Marine and Environmental Sciences, Institute 
of Marine Sci~nce, Morehead City, UNC-Chapel Hill, gave a detailed slide 
presentation on :issues and problems of waste generated and treated by land 
application, specifically the atmospheric deposition of N in estuaries and coastal 
waters. Animal waste contains a variety of N compounds which can be used by 
algae. Nitrogen is very mobile and can move in a variety of ways to end up in our 
estuaries and coastal zones. Obvious sources of discharge to surface waters are via 
pipelines, runoff, 'and groundwater, but the atmospheric deposition of nitrogen is still 
another way N gets into estuaries. The atmospheric deposition of N has been the 
focus of Dr. Paerl"s research. The atmospheric deposition of N constitutes about t to 
113 of N loading. 


Dr. Paerl said that a certain amount of N is needed to sustain a healthy food chain, 
but the problem with excessive N loading is that too many algae are grown for the 
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rest of the food chain to be able to use. Algae blooms take up oxygen in the water 
that fish need, leading to fish kills. 


Dr. Bill Showers, Associate Professor of Marine, Earth, and Atmospheric Sciences, 
NCSU, provided a slide presentation regarding a scientific technology that is 
available now in the State. This technology is able to determine the source of N 
nutrients found in water. Dr. Showers and Dr. Paerl did a study of the Neuse River 
in 1980 using a mass spectrometer. This study concluded that there is a difference 
over time in the source of nitrates. Based on data froin the Neuse from 1986-1989, 
during years of excessive rain, nonpoint sources dominate as the source of nitrates. 
In dry years, point sources dominate as the source of nitrates. The sources can be 
discriminated, because the isotopes can be discriminated. Then the isotopic signals 
for cattle, poultry, and swine waste are determined, the contribution of each of these 
sources to the N in the surface waters of our State can be determined. This 
technOlogy, for the first time, provides a means of allocating each sector's 
contribution to the nutrient loading of our waters. 


Dr. Joe Zublena, Assistant State Program Leader, Agriculture, Natural Resources, 
and Community and Rural Development at NCSU, began the second day. His 
activities at NCSU have been primarily in the Soil Science Department, with 
responsibilities in agronomy and waste management. To properly manage nutrients, 
we must find the balance between nutrients generated from the animal waste and 
nutrients taken up by the plants being grown in the soil where the waste is applied. 
A positive balance indicates there are more nutrients used by crops than nutrients 
generated from manure. A potential problem is indicated by a surplus of nutrients 
generated by animal waste. Fifty-seven percent of the manure generated 'in the State 
can be collected and utilized by the crops that receive the manure. Too much N in 
the soil can get into wellwater and cause "blue baby" syndrome. Excess N can result 
in algae blooms, which in turn leads to fish kills. Phosphorous build up is a long
term problem. Other concerns, arise when copper or zinc reach unacceptable levels 
in the soils. Crop needs for th~se heavy metals are very low; excess levels can cause 
long-term plant toxicity. A p6tential solution to avoiding excess nutrients in the 
future is diet manipulation, involving enzymes that can be fed to the animals. A 
longer term solution is the export of manure. 


Dr. R. Wayne Skaggs, William Neal Reynolds Professor and Distinguished University 
Professor, and Dr. Robert O. Evans, Jr., Extension Assistant Professor, Biological and 
Agricultural Engineering at NCSU, provided a slide presentation on the hydrology of 
the land application of wastewater, specifically swine wastewater. The application of 
wastewater to land is a final treatment process of many different kinds of wastewaters: 
municipal wastewater, industrial wastewater, as w~ll as agricultural wastewater. 
Using computer simulated modeling methods, the amount of N lost in runoff was 
followed. The properties and disposition of the soil affects the ability of the 
wastewater to be treated by application to that soil. 


37 







Dr. R. L. Huffman, Associate Professor, Biological and Agricultural Engineering at 
NCSU. Dr. Huffman's field of study IS wastewater seepage from animal waste 
lagoons. For the past six years he had been involved in site investigations at lagoons. 
If lagoons are constructed according NRCS standards, there should be little or no 
seepage. Some to the approximately 4,600 lagoons were not constructed according to 
these standards. It is documented that a drinking well in Robeson County contains 
excess nitrates caused by an old lagoon nearby. Dr. Huffman said that old lagoons 
need to be assessed, but that monitoring wells do not provide the most direct or cost
effective assessment. He advocated the use of emergency spillways to avoid lagoon 
failures, such as the one at Oceanview Farms in June 1995. 


Dr. Patrick G. Hunt, Research Leader with the Coastal Plain, Soil, Water, and Plant 
Center, Agricultural Research Service of the USDA, spoke about the multiagency 
water quality demonstration project in Duplin County that was initiated as part of the 
Presidential Water Quality Initiative. The purpose of the project was to demonstrate 
improvements in water quality that could be made through the voluntary actions of 
the landowners, such as the use of nutrient management plans, fencing, and riparian 
borders. Approximately 100 monitoring wells were installed in one subwatershed on 
farms that were willing to participate. Seventy-seven percent of the wells did not 
contain excessive nitrates. One project used a constructed wetland to treat 
wastewater. 


Mr. M. Carl Bailey, Assistant Chief for Planning, Groundwater Section, DEM, 
DEHNR, spoke about a study that the Groundwater' Section is performing related to 
potential groundwater contamination around animal waste lagoons. Data is not 
available at this time. 


Dr. Kenneth H. Reckhow, Assistant professor, School of the Environment, 
Department of Civil and Environmental Engineering, Institute of Statistics and 
Decision Science, Duke University, urged the Commission to use a methpdology 
called decision analysis in trying to solve complex environment mami:gement 
problems. Decision analysis is a method that is historically used more in the private 
sector than in the public sector. Decision analysis provides a logical structure for 
study and analysis, beginning with the complete identification of management 
objectives and attributes. 


Members of the public made remarks from the floor. 


December 13 and 14, 1995 


The Commission members met in Statesville, North Carolina on December 13 to tour 
dairy facilities in Iredell County. Mr. Kenneth Vaughn, Agricultural Extension Agent 
in Iredell County, and Representative Frank Mitchell guided the tour of the following 
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facilities: the Jeff Maness Farm, a dairy farm that employs a lagoon waste 
management system; the Holland farm, a land-locked farm in need of extensive 
renovation due to its location and the presence of streams and valleys surrounding 
the property; the Robertson Farm, which employs a lagoon for waste treatment and, 
after the waste has formed a crust on the lagoon, the waste is piled to dry and 
subsequently used as a dry fertilizer; the Hill Farm, which was in the process of 
constructing a waste lagoon; and the Leamon Farm, a dairy farm that is using the 
"dry stack" method of treating its animal waste. That evening at 7:00 p.m., the 
Commission held its second public hearing at the Iredell County Agricultural Center 
in Statesville. Approximately 250 persons attended and 28 spoke of the problems 
particular to the dairy industry. 


On December 14 at 9:00 a.m. at the Holiday Inn in Statesville, the Commission held 
a meeting. The Commission discussed the tour of the previous day. The 
Commission voted to create a working group consisting of Commission members: 
Dick Gallo, Dr. Wohlegant, Dr. Barker, Dennis Loflin, and David Harris to consider 
the current slow pace of certification of animal waste management systems under the 
.0200 rules and to report its recommendations for corrective action to the full 
Commission. Steve Levitas, Deputy Secretary, DEHNR submitted a letter containing 
a list of Department recommendations to the Commission for its consideration. 


January 10, 1996 


The Commission reviewed and adopted a report prepared by Commission staff 
summarizing and categorizing issues to be considered by the Commission. This list 
was based upon the lists of issues that each member of the Commission had prepared 
and submitted to staff at the Statesville meeting in December. Discussion during the 
morning session centered on these issues. The Commission recognized the 
importance of the operators expediting certification of intensive livestock operations 
pursuant to the .0200 rules. To send a clear message on this point, the Commission, 
by motion, concluded that the basic thrust of the .0200 rules is to establish an 
appropriate set of requirements for animal waste management systems, and this 
Commission will recommend that the December 31, 1997, deadline for compliance 
with these rules not be extended. 


Steve Levitas, Deputy Secretary, DEHNR, reviewed Department recommendations 
on animal waste issues that are in addition to those recommendations submitted to 
the Commission at the Statesville meeting. He made the following statements: 
DEHNR supports addressing water quality problems with a site-specific basin wide 
systems approach; good scientific evidence supports the conclusion that there is thirty 
percent more nitrogen in the Neuse river than the river can assimilate. The excess 
nitrogen comes from all sources, but a substantial portion comes from nonpoint 
sources of which a large portion is animal waste; other sources of nitrogen include 
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municipal wastewater treatment plants, industrial wastewater, gold courses, residential 
lawns, and agriculture fertilizers. 


Dr. Barker stated that farms in existence at the time the .0200 rules went into effect 
February 1, 1993, have to comply with the operation and maintenance requirements 
of those rules, but not the design and construction requirements, so long as DEM has 
not found these operations discharging pollutants to the waters of the State. The 
agronomic rates that had to be followed before 1992 were based on the amount of 
nutrients associated with maximum yield capacity for certain crops. The soil capacity 
and the soil type of the soil at a particular site were not taken into account to 
establish these earlier agronomic rates. If an operation is fond in violation of the 
.0200 rules, the operator is required to upgrade his waste management plan to one 
that is based on the agronomic rates that do take soil capacity and soil type into 
account. 


Dr. Wohlegant pointed out that the animal agriculture industries are price takers, that 
is, industries whose products cannot be priced higher and passed on to consumers in 
order to absorb any increased costs of doing business. Mr. Bodley added that animal 
products, such as pork and dairy products, are commodity products whose prices are 
set at the national and international levels. Mr. Weaver pointed out that producers' 
profits go down when the cost of seed grains increases. The cost of feed corn in 
April 1995 was $2.67Ibushel; today it is $4.06/bushel. Mr. Gallo said that the special 
economics of the agriculture industry is the justification for the voluntary Agriculture 
Cost Share Program, whereby the public provides seventy-five percent of the cost of 
certain expenses incurred by the farmer, who must provide the remaining twenty-five 
percent of the costs. 


Members of the public made remarks from the floor. 


January 24, 1996 


The Commission voted to establish four subcommittees and to assign each 
subcommittee a set of issues to address during today's Session and again in February 
and to report back to the full Commission on the second day of the next meeting, 
February 8, 1996. The Cochairman assigned issues to each subcommittee based on 
the'list of issues adopted by the Commission at its meeting January 10, 1996. The 
me~mbership of the four subcommittees is as follows: Subcommittee I: Sen. Charlie 
Albertson (Chair), Jeff Turner, Dr. Robert Cook, and Dr. Michael Williams; 
Subcommittee II: Dr. James Barker (Chair), David Harris, Nick Weaver, Dr. Michael 
Wohlgenant; Subcommittee III: Dick Gallo (Chair), John Adams, Rep. John Brown, 
and Loyd Godley; Subcommittee IV: Robert Ivey (Chair), Cleveland Simpson, 
Dennis Loflin, and Dr. William Caviness. The Commission discussed the benefits of 
requiring general permits for intensive livestock operations. The Commission 
reached a consensus on the desirability of a general permit regulatory structure as 
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preferable to the current regulatory structure whereby operations are deemed 
permitted until found to be in serious violation of the .0200 rules. Before breaking 
up for subcommittee meetings, the Commission discussed the desirability of 
authorizing local governments to regulate intensive livestock operations and the 
desirability of imposing a moratorium on new swine operations. Both discussions 
were lively, but resulted in no formal action by the Commission. The Commission 
appeared to be in agreement that a moratorium was not justified at this time. 


The afternoon session was devoted to presentations by the following: Dr. Steve 
Hoard, Edgecombe County Commissioner, and Jim Bayless, Edgecombe County 
Health Director, both of whom spoke in favor of local governments having the 
authority to regulate intensive livestock operations; Marvin Horton from Nashville, 
North Carolina, who spoke against locating an I.B.P. slaughterhouse in Edgecombe 
County; Frank Tyndall, a consulting engineer for Kimley-Horn and Associates, Inc., 
who presented the report on the swine industry requested and paid for by Murphy 
Family Farms; and William Mosher, Chief Engineer and Assistant Vice President for 
Law Engineering and Environmental Services, Inc., who presented the Law 
Engineering Report requested and paid for by the North Carolina Pork Producers' 
Association. 


Members of the public made remarks from the floor. 


February 7 and February 8, 1996 


The full day, February 7, was spent in separate meetings by each of the four 
subcommittees designated by the Cochairmen at the last meeting. On February 8, the 
full Commission met, and the Chair of each subcommittee presented its report to the 
full Commission. In its report, a subcommittee addressed each issue it had been 
assigned. A subcommittee had been directed to take some action on each issue as 
follows: (1) make a recommendation (2) decide to take no action, or (3) decide 
more information was needed and defer action until the information was obtained. 
The Commission took up one recommendation at a time. A recommendation was 
presented for discussion by the Commission. The Commission then voted on 
whether to adopt a recommendation for approval by the Commission. Cochairman 
Tim Valentine emphasized that a vote of approval by the Commission was not a final 
action on any recommendation. The Commission approved some recommendations 
as presented, approved several as amended by the full Commission, and tabled others 
for later action by the subcommittee that had considered the issue. Senator 
Albertson's Subcommittee I deferred action on two issues: local zoning and a rewrite 
of Senate Bill 1080 of the 1995 Session (enacted as Chapter 420 of the 1995 Session 
Laws) until more data was obtained. Dr. Barker's Subcommittee II decided it needed 
more information before it could address the role of local health departments in 
regulating intensive livestock operations. The Commission approved a 
recommendation made by Subcommittee IV chaired by Robert Ivey to replace the 
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deemed permitted approach to regulation of intensive livestock operations with a 
system of general permits based on the animal waste management plans currently 
required under the .0200 rules, but tabled the following recommendations of that 
same Subcommittee: that the costs of the inspection and enforcement program 
should be borne by the State, all recommendation's concerning changes to the 
application training requirements, the issue of integrator liability, and that a public 
comment period should be incorporated into the permit process for intensive 
livestock operations. The later recommendation was the recommendation contained 
in a minority report from the Ivey Subcommittee. 


Members of the public made remarks from the floor. 


February 20, 1996 


Steve Tedder, Chief, Water Quality Section, DEM, DEHNR, presented the Draft 
Interim Plan for the Neuse River Basin. The document has been presented to the 
Environmental Management Commission (EMC) at its February meeting, is subject to 
written comments, and provides the basis for proposed rules. The interim plan 
establishes a thirty percent reduction of the nitrogen levels in the Neuse River over a 
five-year period as a goal, requires cities to elicit' a connections program for 
stormwater sewers, recommends a tiered permit program for intensive livestock 
operations, and requires 50 feet buffers for intermittent and perennial streams. 


Dennis Loflin, Commission member and member of the EMC, expressed his 
objections to the interim plan, saying that, in his opinion, the buffer requirements 
represent a flagrant violation of private property rights. 


Mr. Tedder reminded the Commission that DEM is flexible and presents the interim 
plan as embodying a concept that is subject to refinement. DEM staff considers that 
the most important component of the plan for the Neuse is general permits. 


Dick Gallo, Commission member appearing in his capacity as State Director, Natural 
Resources Conservation Service (NRCS), introduced the report to the Commission 
regarding the revision of NRCS standards as related to animal waste. Jim 
Canterberry, State Resource Conservationist, NRCS, gave the Commission 
background information. NRCS is a federal agency under the United States 
Department of Agriculture that was created in 1935 to provide on site technical 
assistance to farmers. NRCS works with local Soil and Water Conservation Districts 
through a memorandum of agreement. NRCS contends the main problem with 
respect to intensive livestock operations is improper management. Starting 
November 1995, NRCS convened a series of three subcommittees consisting' of a 
broad range of interested parties to improve the NRCS technical standards and to 
attempt to strengthen lagoon technology. Harry Gibson, State Engineer, NRCS, 
related the key revisions to the waste treatment lagoon technical standards. A new 
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~tandard addresses closure of abandoned lagoons or ponds. Emergency action plans 
will be required for every lagoon. Approximately 15 years' worth of sludge storage is 
now required rather than the five years worth currently required. Odor control 
measures will be required, which include pre charging lagoons with water before 
loading, the use of inlet pipes, and installation of windbreaks, if applicable. 
Emergency spillways are mandated to allow effluent to escape. More comprehensive 
site evaluations will be required pursuant to the revised standards. Liners will be 
required where conditions may present limestone deposits. The lagoon bottom and 
site must be scarified and compacted to standard. 


Bill Harrell, Resource Conservationist, NRCS, presented the key reVlSlons with 
respect to waste utilization standards. The major revisions address the nutrient 
management standards. The object of the nutrient management plan is to assure that 
the nutrients, including nitrogen, are removed through crop harvest. Nitrogen is the 
limiting nutrient. Phosphorous is immobile in the soil; phosphorous leaves through 
erosion. Erosion is controlled through the use of best management practices. 
Nitrogen goes into solution readily and leaves through runoff or volatilization. 
Copper and zinc are toxic to plants. Crops vary in sensitivity to these heavy metals. 
The' revised nutrient management plans will inform farmers of concerns regarding 
heavy metal loading. Irrigation plans will be a required component of a' waste 
utilization plan. For five years, operators will be required to maintain records 
indicating the date and amount of waste applied to crops. Soils where waste is 
applied must be tested every two years. Agronomic rates will be based on realistic 
yield expectations rather than maximum yields used previously. Agronomic rates for 
grasslands are based upon an assumption of a fifty percent N reduction, whereas the 
previous assumption was for a twenty-five percent N reduction. The direct result of 
these revisions is that more land will be needed on which to land apply animal waste. 
The revised NRCS technical standards become effective March 1, 1996. 


During the afternoon session, Dick Gallo, speaking in his capacity as Chair of the 
Commission subcommittee established in Statesville at the December 14, 1995 
Commission meeting, gave the subcommittee's report. That subcommittee was 
charged to consider the current slow pace of certification of animal waste 
management systems under the .0200 rules. The Commission took up each 
recommendation in turn for discussion and voted on whether to adopt the 
recommendation. 


Members of the public made remarks from the floor. 


March 6, 1996 


Sen. Albertson, Chair of Subcommittee I, reported progress by that group on the two 
issues remaining before it. The subcommittee had met on three occasions to review 
GIS maps of portions of certain counties for the purpose of determining the impact of 
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the siting limitations enacted by the 1995 General Assembly under Senate Bill 1080. 
On the first two occasions, sufficient gaps in the data existed to make any judgments 
on the potential impact of Senate Bill 1080 inconclusive. Sufficient data was 
available for only Pitt County and, on the third occasion, the subcommittee studied 
maps for Pitt County. Tim Johnson, Technical Services Manager, and Jeff Brown, 
Project Developer, both with the Center for Geographic information and Analysis, 
Office of the Governor, brought these maps of Pitt County to the full Commission. 
The first sets of maps showed all of Pitt County, and the second showed a 
southeastern portion of Pitt County. Areas restricted for siting new swine farms 
pursuant to the siting limitations contained in enacted Senate Bill 1080 (Chapter 420 
of the 1995 Session La~s) were shaded. Property boundaries were shown as welL 
The subcommittee concluded that Senate Bill 1080 substantially limited the siting of 
new swine farms and, accordingly, operated as a statewide zoning law. The 
subcommittee's recommendations to not broaden the authority of counties to adopt 
ordinances that affect swine operations and to rewrite Senate Bill 1080 to clarify 
ambiguous language and add an enforcement provision were adopted by the 
Commission. A working group to consist of representatives for the Farm Bureau, 
DEHNR, NCDA, the Attorney General's Office, and an environmental group was 
appointed the task of working with Commission staff and providing a draft rewrite of 
Senate Bill 1080. 


The Commission broke into its Subcommittees I - IV, which met to review a 
compilation of the tentative recommendations of the Commission and to consider any 
issues before them. The Commission reconvened after lunch to receive further 
reports from the subcommittees. Robert Ivey's Subcommittee IV presented its 
recommendations on their issues remaining before it. As to the issue of applicator 
training, the subcommittee recommended placing a 16-hour cap on the required 
training class. Current law (G.S. 143-215.74E) enacted by the 1995 General 
Assembly, Chapter 544 of the 1995 Session Laws, requires a person who performs the 
land application of animal waste from swine production to be certified and, in order 
to be certi{ied, that person must have a six-hour training program and pass an 
examination~ Ron Ferrell, DEM, DEHNR, explained that a training manual had 
been developed since August 1995, following the enactment of Senate Bill 974 of the 
1995 Session (enacted as Chapter 544 of the 1995 Session Laws), the legislation 
requiring swine waste applications to be certified. The training manual was 
developed with input from NRCS, N. C. State Cooperative Extension Service, the 
Farm Bureau, the New River Foundation, the North Carolina Pork Producers' 
Association, and others. It is a good and thorough manual. Applicators must be able 
to perform certain mathematical calculations to complete the training and pass the 
examination. In order to protect water quality, it is critical that the land application 
of waste is performed correctly. Sen. Albertson pointed out that farmers who apply 
their own pesticides are only required to take a three-hour course or pass an 
examination, not both. After full discussion, the Commission voted to raise the 
current training cap of six hours to twelve hours. Eight hours of training is to be in 
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.the classroom; four hours is to be in the field. The Commission voted to amend the 
recommendation to add that alternate instruction and testing methods will be made 
available for those with reading or learning difficulties. The subcommittee's 
recommendation that the fees for certification be $75.00 for the examination and 
certification and $30.00 for an annual renewal fee failed. The other 
recommendations of the subcommittee were approved, including the 
recommendations that the costs of the inspection and enforcement program be borne 
by the State and that responsibility for violations of environmental statutes and rules 
should remain with the permittee. 


Members of the public made remarks from the floor. 


April 10. 1996 


Dr. Carl brought up the issue of public notice for reconsideration for the 
Commission. Dr. Carl stated that the previous vote by the Commission against 
requiring operators to give public notice of a new operation was addressed as a 
requirement for a public hearing. The Commission discussed providing notice by 
publishing notice in a newspaper of general circulation. After voting against a notice 
requirement in concept, Dr. Carl appointed a subcommittee consisting of 
Representative John Brown (Chairman), Jeff Turner, Cleveland Simpson, and David 
Harris to discuss a notice requirement. 


The Commission considered for the first time the issue of insect control and voted to 
include in the final report a requirement to establish odor control best management 
practices which would be a mandatory component of an animal waste management 
plan. 


The Commission turned its attention to a thorough review of the draft and final 
report to the General Assembly, proceeding page by page. The Commission directed 
the rewrite of the introduction to the report gmd voted to modify several 
recommendations as they appeared in the draft report': 


The Cochairmen directed the Division of Environmental Management, DEHNR, to 
present the Commission with its proposals in writing Jor a general permit system for 
animal operations, one general permit for each species of animals: swine, dairy, cattle, 
and poultry. 


The Commission received comments from the public. " 


April 24, 1996 


Dick Gallo, Commission member and State Director, NRCS, updated the 
Commission regarding the revision of the NRCS technical standards related to 
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animal waste. After receiving comments, the group working on revising the standards 
made a number of changes to the revisions. The next stop in the process is to submit 
the revised NRCS standards to the Soil and Water Conservation Commission for 
adoption. If the Soil and Water Conservation Commission takes no action, the 
standards are adopted automatically. The effective date for the revised standards was 
changed from March 1 to June 1, 1996. 


The Commission broke into subcommittees so that the subcommittees could address 
any outstanding issues and later reconvened with subcommittee reports. The newest 
subcommittee consisting of Representative Brown (Chair), Jeff Turner, Cleveland 
Simpson, and David Harris returned with a motion regarding public notice to post a 
sign at the property on which an animal operation is proposed, stating pertinent 
information whereby the public could submit written comments to DEHNR. After 
full discussion and amendments to the motion the Commission voted to adopt the 
motion. 


Senator Albertson's subcommittee and Dr. Barker's subcommittee jointly 
recommended a rewriting of the Commission's Recommendation B-6 in the draft 
report on waste utilization plan and record keeping. The commission adopted 
alternate language, which states the recommended requirements for waste and soils 
testing with fuller, more accurate scientific language. 


After lunch, the Commission reconsidered its motion regarding public notice and 
passed a motion in lieu of that motion. The Commission adopted a form of notice 
whereby the person intending to site a new swine farm or to expand an animal waste 
management system beyond its design capacity is required to attempt to notify all 
adjoining property owners by certified mail at the address for the adjoining property 
owner on file at the property tax office. The motion specified the contents of the 
notice, including information that the adjoining property owners may submit written 
comments to DEM. Adjoining property owners will not be able to block the siting of 
an operation that complies with all applicable laws and rules; however, the adjoining 
property owners may inform DEM of information that indicates the proposed 
operation fails to comply with an applicable law or rule. The Commission seemed in 
accord on wanting to establish a dialogue between operators and neighbors and to 
remove the possibility of neighbors being caught unaware that a hog farm was coming 
next door or substantially increasing its size. 


The Commission turned its attention to reviewing and revising three proposed types 
of general permits for animal waste management systems prepared by DEM: one for 
swine, one for dairy cattle, and one for poultry. Then the Commission considered 
and adopted additional language submitted by David Harris regarding 
recommendation C-4 in the draft report regarding annual inspections of animal waste 
management systems by DEM. Noting the success of cooperative efforts of staff from 
various agencies in the Sedimentation Control Program in DEHNR, the Commission 
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~onsidered a similar approach with respect to monitoring and reviewing animal waste 
management systems. David Harris stated it was his intent to spread the work among 
the agencies, all of whom have trained, qualified staff to do the work so that the work 
gets done. Dr. Barker and Mr. Gallo urged the Commission to preserve the nature of 
the relationship between Cooperative Extension agents and NRCS staff with farmers. 
After modifying the language to the satisfaction of Dr. Barker and Mr. Gallo, the new 
language was adopted. 


The Commission discussed imposing fees on the operators for the cost of an 
inspection and enforcement program for animal waste management systems .. Unable 
to ascertain the projected cost of such a program from DEHNR, the Commission 
delayed discussion on this subject. 


The Commission sought comments from members of the public. 


May 1.1996 


Senator Albertson's subcommittee gave its final report on the rewriting of Senate 
Bill 1080, the Swine Farm Siting Act, and submitted a draft bill to be included in the 
Commission's final report as part of an omnibus legislative proposal. The 
Commission adopted the draft bill, then turned its attention to the last issue 
outstanding before the Commission: What level of funding is needed for permitting, 
inspections, and enforcement programs within DEM and how to fund these programs, 
through the General Fund or by imposing fees upon producers or a combination of 
the two. DEHNR provided the members of the Commission with a chart indicating 
the Department's proposal on funding. Steve Tedder, Chief, Water Quality Section, 
OEM, DEHNR, reviewed these figures and responded to questions. According to Mr. 
Tedder, the cost of permitting inspections, compliance inspections, and enforcement 
activities is one million one hundred eighty-three thousand twenty-three dollars 
($1,183,023) for the 1996-97 fiscal year. This would provide for 18 new staff 
pOSItIOns. The cost of permit application analysis, compliance and enforcement 
activities, and training, certification, and technical assistance is six hundred thirty
three thousand one hundred fourteen dollars ($633,114) for the 1996-97 fiscal year. 
This total includes funding for 10 new staff positions. The total for both the 
permitting program and the inspection and enforcement program is one million eight 
hundred sixteen thousand one hundred thirty-seven dollars ($1,816,137) for 28 other 
positions. DEHNR proposed imposing fees to raise at least thirty percent (30%) of 
the total costs to DEHNR of the water quality programs with the balance to come 
from appropriations from the General Fund. Under G.S. 143-215.3, water quality 
programs are funded in this way. EMC develops a fee schedule, which goes through 
the rule-making process. These figures do not take inspections of dry poultry litter 
operations, as recommended by the Commission, into account. Dr. Cook reminded 
the Commission that DEM had received funding for the 1995-96 fiscal year for eight 
new positions. Mr. Tedder stated that before last session, DEM had had no 
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inspectors and currently has four dedicated to animal operations funded last summer, 
all of whom are located in the regional offices. Steve Levitas, Deputy Secretary, 
DEHNR, noted that when the General Assembly recognized the need to have fees for 
air permits, it imposed an interim fee to get the program up and running until a 
permanent fee structure could be developed. He suggested a similar approach for 
animal waste management system fees. The Commission noted that Lynn Muchmore, 
fiscal staff to the Commission, estimated the cost of the total program of permitting, 
inspection, and enforcement to be eight hundred forty-four thousand dollars 
($844,000) and called for 10 new positions to conduct inspections. The Commission 
appeared to reach a consensus that the program had to be adequately funded but 
wanted to hear an explanation regarding the discrepancies in the projected cost of the 
total program. 


Robert Ivey's subcommittee convened to attempt to reconcile the two projections for 
the cost of the program. 


After lunch, the Commission reviewed the latest draft final report of the Commission. 
The Robert Ivey subcommittee reported to the full Commission and explained the 


differences between the two cost projections. OEM estimated one inspection per day 
for 150 working days per year. Lynn Muchmore, fiscal staff, estimated three 
inspections per day for 150 working days. DEM took into account additional time for 
writing up a report of the inspection, travel time, and time for follow-up compliance. 
OEM relied on 4,434 as the number of lagoons; Lynn Muchmore used 3,800 for the 
total number of lagoons. The subcommittee recommended imposing one combined 
annual fee for both the inspections' and permit applications' fees, that this fee be 
tiered for different sizes of operations based on the steady state live weight of 
animals, that the fees generate fifty percent (50%) or less of the cost of the combined 
programs. The Commission voted to recommend one annual fee for both the 
permitting and inspection programs and estimated the cost of the program to be one 
million four hundred fifty thousand dollars ($1,450,000), voted to recommend 
imposing fees to raise forty percent (40%) of the total cost of the combined programs, 
and voted to recommend a three-tiered fee structure based on steady state live weight 
such that the fees for the lowest tier would not be less than fifty dollars ($50.00) and 
the fees for the highest tier would not exceed two hundred dollars ($200.00). The 
Commission directed the Robert Ivey's subcommittee to present specifics next week. 


The Commission reviewed the omnibus draft bill containing most of the 
Commission's recommendations. The Commission voted to raise the cap further for 
agriculture cost-share funds to recipients to seventy-five thousand dollars ($75,000) 
and to allow these funds to be used for insect control best management practices. 
The Commission adopted the bill in concept pending further review by members 
prior to the next meeting. The Commission began to review the second draft bill that 
contains all the Commission's recommendations regarding appropriations. 
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May 8,1996 


The only new business remammg before the Commission was to agree upon' a 
specific fee structure for annual animal waste management systems. Robert Ivey 
reported to the Commission that he had contacted the Veterinary Division, 
Department of Agriculture, whose database indicated that there are 3,313 swine, 
poultry, and cattle operations in the State. He stated that this figure is more reliable 
than the count of lagoons provided by DEM, because, according to the Veterinary 
Division, DEM's data had some duplication and errors. Further, 1,600 of the 2,743 
swine farms were under contract with the five major producers in the State. Mr. Ivey 
estimated that five or more of these 1,600 operations could be inspected in one day. 
Accordingly, the original estimate for the cost of a permitting and inspection program 
of eight hundred forty-four thousand dollars ($844,000) was a better estimate than the 
one million four hundred fifty thousand dollars ($1,450,000) estimate and a fifty 
dollar ($50.00) annual fee for farms with at least 38,500 and less than 100,000 pounds 
steady state live weight, a one hundred dollar ($100.00) annual fee for farms with at 
least 100,000 and less than 800,000 pounds steady state live weight, and a two 
hundred dollar ($200.00) annual fee for farms with at least 800,000 pounds steady 
state live weight would generate approximately three hundred sixty thousand dollars 
($360,000) or roughly forty percent (40%) of the cost of the combined program. The 
Commission adopted this fee schedule for inclusion in its recommendations and 
legislative proposals. This fee schedule assumes each inspection will take an average 
of two hours to conduct. 


After discussing, further reviewing, and amending the two draft pieces of 
legislation, the Commission voted to include the bills in its final report to the 
Governor and the General Assembly. This concluded the work of the Commission. 
Cochairman Ernie Carl thanked the Commission for moving swiftly and for setting 
the industry up for growth in an environmentally sound manner. Cochairman Tim 
Valentine extended his personal appreciation to a group of men that had done an 
outstanding job. 
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IV. FISCAL CONSIDERATIONS 


The Commission reviewed fiscal information presented by State and federal agencies 
to estimate the cost of improving system performance to meet the .0200 certification 
deadline. Three items account for the bulk of these costs. They are (1) the cost of 
expanding DEM operations to perform additional inspections, issue additional 
permits, and train animal waste management system operators (2) the cost of 
increasing technical assistance services from NRCS, the Cooperative Extension 
Service, and Soil and Water Conservation, and (3) the cost of expanded Agricultural 
Cost Share funding. 


Estimates rely heavily upon a survey of Soil and Water Districts completed in 
January 1996. The surveyors counted livestock operations subject to .0200 rules and 
classified those operations based upon progress toward the certification that is to be 
completed December 31, 1997. Of the 3,832 operations enumerated, 3,375 are 
expected to remain in business. Of those, roughly 2,600 remain uncertified. Thus the 
Division of Environmental Management must accommodate a permanent increase in 
regulated clientele of 3,375. This will occasion ongoing enforcement costs as well as 
certain start-up expenses. Programs geared to help farmers with compliance, either 
through technical assistance or cost-sharing, will face nonrecurring outlays to serve 
some 2,600 operators. These costs will be spread across all or portions of three fiscal 
years. 


The research budget, unrelated to certification, supports four specific research tasks. 
There are (1) odor control research (2) studies to determine nitrogen source profiles 
in watersheds (3) evaluation of alternative treatment technologies (4) assessment of 
the potential for groundwater contamination in areas around lagoons. All of these 
are to be administered by the Department of Environment, Health, and Natural 
Resources, though the actual research may be carried out under contract between 
that department and other parties. The Commission noted that, contrary to public 
perception, very little of the animal waste research currently being conducted by 
North Carolina universities is underwritten by agricultural industry. 
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APPENDIX A 


PART IV.-----BLUE RIBBON STUDY COMMISSION ON AGRICULTURAL 
WASTE (S.B. 695 - Albertson; H.B. 524 - H. Hunter). 


Sec. 4.1. The Blue Ribbon Study Commission on Agriculture Waste is 
created in the General Assembly. The Commission shall study the following issues: 


(1) The effect of agriculture waste on groundwater, drinking 
water, and air quality and any other environmental impacts of agriculture 
waste. 
(2) Methods of disposing of and managing agriculture waste 
currently in use in this State. 
(3) Methods of disposing of and managing agriculture waste that 
have fewer adverse impacts than those methods currently in use in this 
State, including positive commercial and noncommercial uses of agriculture 
waste. 
(4) The economic impact of agriculture waste in areas in this 
State where there is a high concentration of agriculture waste, including, but 
not limited to, the impact on property values of land adjacent to agriculture 
sites and on water treatment costs. 
(5) Implementation of the recommendations contained in the 
Swine Odor Task Force reports by the Swine Farm Odor Abatement Study 
authorized by Section 45 of Chapter 561 of the 1993 Session Laws and any 
recommendations that result from the federally funded study of the potential 
for groundwater contamination from animal waste lagoons currently being 
conducted by the Groundwater Section of the Department of Environment, 
Health, and Natural Resources. 
(6) General economic impact of agriculture industries on areas 
of the State with a high concentration of agriculture waste. 
(7) Coordination of regulatory activities and any other activities 
between federal, State, and local government agencies with jurisdiction over 
any aspect of agriculture industries. 
(8) Identification of beneficial uses of agriculture waste. 
Sec. 4.2. The Blue Ribbon Study Commission on Agriculture Waste shall 


consist of 18 members to be appointed as follows: 
(1) Six members appointed by the President Pro Tempore of the 
Senate. 
(2) Six members appointed by the Governor. 
(3) Six members appointed by the Speaker of the House of 
Representati ves. 
The President Pro Tempore of the Senate and the Speaker of the House of 


Representatives each shall select a cochair. A majority of the Commission shall 
constitute a quorum for the transaction of business. 







Sec. 4.3. The Commission shall submit a final report of its findings and 
recommendations to the 1996 Regular Session of the 1995 General Assembly by filing 
the report with the President Pro Tempore of the Senate and the Speaker of the House 
of Representatives prior to the convening of the 1996 Regular Session of the 1995 
General Assembly. The final report shall contain the findings, recommendations, and 
any legislative proposals of the Commission. The final report shall identify areas in 
the State where there is a significant concentration of agriculture waste; include 
recommendations on reducing agriculture waste in areas where there is an identified 
and significant harmful impact on groundwater or drinking water; and include 
recommendations on implementing any of the recommendations contained in the 
Swine Odor Study or the Groundwater Study considered by the Commission under 
this Part. If at any time during its deliberations, the Commission identifies a 
recommendation that can be implemented through the Administrative Procedure Act, 
Chapter 150B of the General Statutes, the Commission shall forward that 
recommendation with the proposed rule change to the responsible State agency for 
immediate consideration. 


Sec. 4.4. Members appointed to the Commission shall serve until the 
Commission makes its final report. Vacancies on the Commission shall be filled by 
the same appointing officer who made the original appointments. The Commission 
shall terminate upon the filing of its final report. 


Sec. 4.5. The Commission may contract for consultant services as provided 
by G.S. 120-32.02. The Commission may obtain assistance from North Carolina State 
University, particularly from those university resources associated with the ongoing 
studies conducted by the Swine Odor Task Force. Upon approval of the Legislative 
Services Commission, the Legislative Administrative Officer shall assign professional 
and clerical staff to assist in the work of the Commission. Clerical staff shall be 
furnished to the Commission through the offices of House and Senate supervisors of 
clerks. The Commission may meet in the Legislative Building or the Legislative 
Office Building upon the approval of the Legislative Services Commission. The 
Commission, while in the discharge of official duties, may exercise all the powers 
provided under the provisions ofG.S. 120-19 through G.S. 120-19.4. 


Sec. 4.6. Members of the Commission shall receive per diem, subsistence, 
and travel allowances as follows: 


(1) Commission members who are also General Assembly 
members, at the rate established in G.S. 120-3.1. 
(2) Commission members who are officials or employees of the 
State or local government agencies, at the rate established in G.S. 138-6. 
(3) All other Commission members, at the rate established in 
G.S. 138-5. 
Sec. 4.7. From funds appropriated to the General Assembly, the Legislative 


Services Commission may allocate funds for the expenses of the Commission under 
this Part. 
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SENATE DRS6657*-LDZ225F(4.17) 


Short Title: Animal Waste Csmn. Recommendations. 


Sponsors: Senator Albertson. 


Referred to: 


1 A BILL TO BE ENTITLED 


D 


(Public) 


2 AN ACT TO IMPLEMENT RECOMMENDATIONS OF THE BLUE RIBBON 
3 STUDY COMMISSION ON AGRICULTURAL WASTE. 
4 The General Assembly of North Carolina enacts: 
5 PART I. PERMITSIINSPECTIONSIFEES FOR ANIMAL WASTE MANAGEMENT 
6 SYSTEMS. 
7 Section 1. G.S. 143-215.1(a) reads as rewritten: 
8 "(a) Activities for Which Permits Required. -- No person shall do any of the 
9 following things or carry out any of the following activities HBtil ot' unless stteft. that 


10 person sliallhave appliea fat' aBa sliall have has received a permit from the 
11 Commission a I'eflftit therefor aBa saall have and has complied with SHea eOBaitiofts, 
12 if afty, as at'e I'feSert~ea ~y SHea all conditions set forth in the permit: 
13 (1) Make any outlets into the waters of the Sfltte; State. 
14 (2) Construct or operate any sewer system, treatment works, or 
15 disposal system within the ~ State. 
16 (3) Alter, extend, or change the construction or method of operation 
17 of any sewer system, treatment works, or disposal system within the 
18 StMe; State. 
19 (4) Increase the quantity of waste discharged through any outlet or 
20 processed in any treatment works or disposal system to any extent 
21 whieh that would result in any violation of the effluent standards 
22 or limitations established for any point source or whieh ~ would 
23 adversely affect the condition of the receiving waters to the extent 
24 of violating. any of the st8:fta8:faS 8:f'f'He8:~le te sHeh water; 
25 applicable standards. 
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1 (5) Change the nature of the waste discharged through any disposal 
2 system in any way wHicH that would exceed the effluent standards 
3 or limitations established for any point source or whicH that would 
4 adversely affect the condition of the receiving waters in relation to 
5 any of tHe staftdMds applicaBle to StiCft waters; applicable 
6 standards. 
7 (6) Cause or permit any waste, directly or indirectly, to be discharged 
8 to or in any manner intermixed with the waters of the State in 
9 violation of the water quality standards applicable to the assigned. 


10 classifications or in violation of any effluent standards or 
11 limitations established for any point source, unless allowed as a 
12 condition of any permit, special order or other appropriate 
13 instrument issued or entered into by the Commission under the 
14 provisions of this Micle; Article .. 
15 (7) Cause or permit any wastes for which pretreatment is required by 
16 pretreatment standards to be discharged, directly or indirectly, 
17 from a pretreatment facility to any disposal system or to alter, 
18 extend or change the construction or method of operation or 
19 increase the quantity or change the nature of the waste discharged 
20 from or processed in stich faeility; that facility. 
21 (8) Enter into a contract for the construction and installation of any 
22 outlet, sewer system, treatment works, pretreatment facility or 
23 disposal system or for the alteration or extension of any such 
24 faeHities; facilities. 
25 (9) Dispose of sludge resulting from the operation of a treatment 
26 works, including the removal of in-place sewage sludge from one 
27 . location and its -deposit at another location, consistent with the 
28 requirement of the Resource Conservation and Recovery Act and 
29 regulations promulgated pursuant tHereto, thereto. 
30 (10) Cause or permit any pollutant to enter into a defined managed 
31 area of the State's waters for the maintenance or production of 
32 harvestable freshwater, estuarine, or marine plants or 8:ftims:1s; 
33 animals. 
34 (11) Cause or permit discharges regulated under G.S. 143-214.7 wllieh 
35 that result in water pollution. 
36 @ Subject to the provisions of G.S. 143-215.1B. construct or operate 
37 an animal waste manacement system. 
38 In the event that both effluent standards or limitations and classifications and water 
39 quality standards are applicable to any point source or sources and to the waters to 
40 which they discharge, the more stringent among the standards established by the 
41 Commission shall be applicable and controlling. 
42 In connection with the above, no such permit shall be granted for the disposal of 
43 waste in waters classified as sources of public water supply where the head of the 
44 agency which administers the public water supply program pursuant to Article 10 of 
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1 Chapter 130A of the General Statutes, after review of the plans and specifications for 
2 the proposed disposal facility, determines and advises the Commission that such 
3 disposal is sufficiently close to the intake works or proposed intake works of a public 
4 water supply as to have an adverse effect on the public health. 
5 In any case where the Commission denies a permit, it shall state in writing the 
6 reason for such denial and shall also state the Commission's estimate of the changes 
7 in the applicant's proposed activities or plans which will be required in order that the 
8 applicant may obtain a permit." 
9 Sec. 2. (a) Part 1 of Article 21 of Chapter 143 of the General Statutes is 


10 amended by adding two new sections to read: 
11 "§ 143-215.1B. Animal waste management systems; permit requirements. 
12 (a) No person shall construct or operate an animal waste management system that 
13 satisfies anyone of the following unless that person has applied for and obtained a 
14 permit from the Department: 
15 ill The system is designed for or actually serves at least 100 head of 
16 cattle. 
17 ill The system is designed for or actually serves at least 75 horses. 
18 ill The system is desi~ed for or actually serves at least 250 swine. 
19 ill The system is designed for or actually serves at least 1.000 sheep. 
20 ill The system is desi~ed for or actually serves at least 30.000 birds 
21 with a liquid animal waste management system. 
22 (b) The Department shall not issue a permit for an animal waste management 
23 system under subsection (a) of this section unless the applicant has obtained an 
24 animal waste management plan that a technical specialist has certified meets the 
25 applicable minimum standards and specifications. 
26 ecl Animal waste management plans shall include all of the following components: 
27 ill A checklist of potential odor sources and a choice of site-specific. 
28 cost-effective remedial best management practices to minimize 
29 those sources. 
30 ill A checklist of potential insect sources and a choice of site-specific. 
31 cost-effective best management practices to minimize insect 
32 problems. 
33 ill Provisions that set forth acceptable methods of disposing of 
34 mortalities. 
35 ill Provisions regarding best management practices for riparian buffers 
36 or equivalent controls. particularly along perennial streams. 
37 ill Provisions regarding the use of emergency spillways and site-
38 specific emergency management plans that set forth operating 
39 procedures to follow during emergencies in order to minimize the 
40 risk of environmental damage. 
41 ill Provisions regarding periodic testing of waste products used as 
42 nutrient sources as close to the time of application as practical and 
43 at least within 60 days of the date of application and periodic 
44 testing. at least annually. of soils at crop sites where the waste 


Senate DRS6657 Page 3 







GENERAL ASSEMBLY OF NORTH CAROLINA SESSION 1995 


1 products are applied. Nitrogen shall be the rate-determining 
2 element. Zinc and copper levels in the soils shall be monitored. 
3 and alternative crop sites shall be used when these metals approach 
4 excess levels. 
5 ill· Provisions regarding waste utilization plans that assure a balance_ 
6 between nitrogen application rates and nitrogen crop requirements. 
7 that assure that lime is applied to maintain pH in the optimum 
8 range for crop production. and that include corrective action. 
9 including revisions to the waste utilization plan based on data of 


10 crop yields and crops analysis. that will be taken if this balance is 
11 not achieved as determined by testing conducted pursuant to 
12 subdivision (6) of this subsection. 
13 !.ID. Provisions regarding the completion and maintenance of records 
14 on forms developed by the Department. which records shall 
15 include information addressed in subdivisions (6) and (7) of this 
16 subsection. including the dates and rates that waste products are 
17 applied to soils at crop sites. and shall be made available upon 
18 request by the Department. 
19 (d) Except as provided in subsection (e) of this section. animal waste management 
20 systems that are designed for and actually serve less than the numbers of animals 
21 listed in subdivisions (1) through (4) of subsection (a) of this section and all other 
22 animal waste management systems shall be deemed permitted and are not required to 
23 have an animal waste management plan. 
24 (e) Dry litter animal waste management systems that are designed or actually 
25 serve at least 30.000 birds shall be deemed permitted. No later than December 31. 
26 1999. any operator of this type of system shall obtain an animal waste management 
27 plan that complies with the testing and record-keeping reQ.uirements under 
28 subdivisions (6) through (8) of subsection ec) of this section. Any operator of this 
29 type of system shall retain records required under this section and by the Department 
30 on-site for three years. 
31 (D The Department may enforce the animal waste management plan under 
32 subsection (c) of this section in the same manner as it enforces a condition of a 
33 permit. 
34 (g) The Department shall conduct inspections of all animal waste management 
35 systems that are subject to a permit under subsection (a) of this section at least 
36 annually to determine whether the system is in violation of water Q.uality standards or 
37 is not in compliance with its animal waste manaiement plan or any other condition 
38 of the permit. The Department may conduct additional inspections of animal waste 
39 management systems that are in violation of water Quality standards or not in 
40 compliance with its animal waste management plan or any other condition of the 
41 permit. No later than October 1. 1996. and annually thereafter. the Department shall 
42 report the results of its inspections under this subsection to the Environmental 
43 Review Commission. 
44 (h) As used in this section: 
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1 ill 'Animal waste' means livestock or poultry excreta or a mixture of 
2 excreta with feed. beddinl:, litter, or other materials. 
3 ill 'Animal waste mana&ement system' means a combination of 
4 structural and nonstructural practices that provide for the proper 
5 collection. treatment. stora&e. or application of animal waste to the 
6 land such that no dischar"e of pollutants occurs to ~urface waters 
7 of the State by any means except as a result of chronic rainfall or a 
8 storm event more severe than the 25-year, 24-hour storm. 
9 ill 'Deemed permitted' means that a facility is considered as havin& a 


10 permit under this section and beinl: in compliance with the 
11 permittin" requirements of O.S. 143-215.1(a) even though it has 
12 not received a general or an individual permit for its construction 
13 or operation. 
14 ill 'Technical specialist' means an individual desi~ated by the Soil 
15 and Water Conservation Commission. pursuant to rules adopted by 
16 that Commission, to certify animal waste management plans. 
17 u§ 143-21S.1C. Written notice of swine farms. 
18 (a) Any person who intends to construct a swine farm whose animal waste 
19 management system is subject to a permit underG.S. 143-215.1B(a} shall. after 
20 completinl: a site evaluatiQn and before the farm site is mQdified, attempt to notify all 
21 adjoinin" prQperty owners and all property owners who own property IQcated acrQSs 
22 a public road. street. Qr hi"hway frQm the swine farm of that person's intent tQ 
23 construct the swine farm. This notice shall be by certified mail sent tQ the address on 
24 record at the property tax Qffice in the county in which the land is located. The 
25 written nQtice shall include all of the fQ11owin,,: 
26 ill The name and address of the person intendinl: to construct a swine 
27 farm. 
28 ill The tme of swine farm and the desilW capacity of the animal waste 
29 management system. 
30 ill The name and address Qf the technical specialist preparing the 
31 waste mana"ement plan. 
32 ill The address Qf the IQcal Sgil and Water Conservation District 
33 office. 
34 ill Information informin& the aQjginin& property owners and the 
35 prgperty gwners whg own prgperty located across a public road, 
36 street. or hi&hway frgm the swine farm that tbey may submit 
37 written cgmments tg the Divisign of Environmental Manal:ement, 
38 Department of Enyironment, Health, and Natural Resources. 
39 (b) As used in this section. 'site evaluation' is defined in G.S. 106-802." 
40 (b) Subsection (a) of this section does not repeal any rules that do not 
41 conflict with the provisions of that section. 
42 Sec. 3. Part 1 of Article 21 of Chapter 143 of the General Statutes is 
43 amended by adding a new section to read: 
44 "§ 143-21S.3D. Fees for animal waste management systems. 
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1 (a) The Department shall impose fees for the costs of permitting and inspecting 
2 animal waste management systems as follows: 
3 ill For each animal waste management system with a desi&n capacity 
4 of at least 38,500 pounds steady state live weight and less than 
5 100,000 pounds steady state live weight, an annual fee of fifty 
6 dollars ($50.00). 
7 ill For each animal waste management system with a design capacity 
8 of at least 100,000 pounds steady state live weight and less than 
9 800,000 pounds steady state live weight. an annual fee of one 


10 hundred dollars ($100.00). 
11 ill For each animal waste management system with a desi~ capacity 
12 of greater than or egual to 800,000 pounds steady state live weight. 
13 an annual fee of two hundred dollars ($200.00). 
14 (b) The total monies collected each year from fees under this section shall not 
15 exceed forty percent (40%) of the total budgets from all sources of permitting and 
16 compliance programs for animal waste management systems within the Department." 
17 PART II. DUTIES OF STATE AGENCIES. 
18 Sec. 4. (a) The Department of Environment, Health, and Natural 
19 Resources shall design and, no later than October 1, 1996, begin to implement a 
20 system of permits for animal waste management systems, as defined in G.S. 143-
21 215.1B, as enacted by Section 2 of this act. This system of permits shall be consistent 
22 with the provisions of Section 2 of this act. This system of permits shall provide for 
23 the issuance of one type of general permit for each type of species: swine, dairy cattle, 
24 poultry. 
25 (b) The Department of Environment, Health, and Natural Resources 
26 shall develop a systematic monitoring and inspection program for animal waste 
27 management systems. This program shall include technical assistance provided by the 
28 Division of Soil and Water Conservation, Department of Environment, Health, and 
29 Natural Resources; the Agronomic Division, Department of Agriculture; and the 
30 Cooperative Extension Service, With the Division of En,vironmental Management, 
31 Department of Environment, Health, and Natural Resources, providing inspections 
32 required by G.S. 143-215.1B(g), as enacted by Section 2 of this act. The Natural 
33 Resources Conservation Service is encouraged to provide technical assistance to this 
34 monitoring and inspection program. Each animal waste management system shall be 
35 subjected to an annual operations review to assure full compliance with applicable 
36 laws and rules. Qualified staff from Soil and Water Conservation Districts may 
37 conduct the annual operations review, shall inform operators of animal waste 
38 management systems of any deficiency determined by the staff to be minor so that the 
39 operator has a reasonable opportunity to correct the deficiency before enforcement 
40 action is initiated, and shall inform the Division of Environmental Management of 
41 any deficiency determined by the staff to be a major deficiency that poses a threat to 
42 the environment or of any less serious deficiency that the operator exhibits an 
43 unwillingness to correct. 
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1 Sec. 5. No later than October 1, 1996, the Environmental Management 
2 Commission shall implement the provisions of G.S. 143-215.1B(c)(I) through (8), as 
3 enacted by Section 2 of this act and define the term "chronic rainfall" as used in G.S. 
4 143-215.1B(h)(2), as enacted by Section 2 of this act. No later than October 1, 1996, 
5 the Environmental Management Commission shall review the meaning of "no 
6 discharge of pollutants" as used in G.S. 143-215.1B(h)(2), as enacted by Section 2 of 
7 this act; determine whether this no discharge requirement is a performance standard 
8 or a technology standard; and clarify the meaning of "no discharge" such that the no 
9 discharge requirement for animal waste management systems is economically 


10 practical and technologically achieveable. 
11 Sec. 6. No later than September 1, 1996, the Soil and Water 
12 Conservation Commission shall specify odor control best management practices, 
13 insect control best management practices, and best management practices for riparian 
14 buffers or equivalent controls consistent with the provisions of G.S. 143-215.1B(c)(1), 
15 (2), and (4), as enacted by Section 2 of this act. 
16 Sec. 7. No later than October 1, 1996, the Environmental Management 
17 Commission and the Soil and Water Conservation Commission, with technical 
18 assistance from the Cooperative Extension Service, shall establish the record-keeping 
19 requirements under G.S. 143-215.1B(c)(8), as enacted by Section 2 of this act. The 
20 Natural Resources Conservation Service is encouraged to cooperate fully with 
21 establishing these requirements. 
22 Sec. 8. (a) An interagency group is created to: 
23 (1) Address questions from technical specialists and provide uniform 
24 interpretations to technical specialists regarding the requirements 
25 of the animal waste management rules. 
26 (2) Publish its decisions on these questions on a regular and recurring 
27 basis. 
28 (3) Provide uniform strategies for operators of intensive livestock 
29 operations to meet the December 31, 1997, deadline to obtain an 
30 approved animal waste management plan. 
31 (4) Develop, no later than August 1, 1996, a standard for the use of 
32 riparian buffers or equivalent controls as best management 
33 practices, particularly along perennial streams; decide whether a 
34 uniform State standard, a uniform basinwide standard, or a site-
35 specific standard best protects water quality; and submit the 
36 standard that the group decides upon to the Soil and Water 
37 Conservation Commission for adoption in developing best 
38 management practices for riparian buffers and equivalent controls 
39 under Section 6 of this act. 
40 (b) The interagency group shall consist of two representatives from each 
41 of the following State agencies: the Division of Soil and Water Conservation, 
42 Department of Environment, Health, and Natural Resources; the Division of 
43 Environmental Management, Department of Environment, Health, and Natural 
44 __ g~~~llT~eS; . th~Repartment of Agriculture; and the Cooperative Extension Service. 
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1 The General Assembly encourages the Natural Resources Conservation Service, 
2 United States Department of Agriculture, to provide two representatives from its 
3 agency to participate fully as members of the interagency group. The interagency 
4 group shall remain in existence until such time after December 31, 1997, that the 
5 Secretary of Environment, Health, and Natural Resources determines the interagency 
6 group is no longer needed to resolve issues related to certifying animal waste 
7 management plans. 
8 PART III. ADDITIONAL ENFORCEMENT PROVISIONS. 
9 Sec. 9. G.S. 143-215.2(a) reads as rewritten: 


10 II (a) Issuance. -- The Commission is hereby empowered, after the effective date of 
11 classifications, standards and limitations adopted pursuant to G.S. 143-214.1 or G.S. 
12 143-215, or a water supply watershed management requirement adopted pursuant to 
13 G.S. 143-214.5, to issue (and from time to time to modify or revoke) a special order, 
14 _ or other appropriate instrument, to any person whom it finds responsible for causing 
15 or contributing to any pollution of the waters of the State within the area for which 
16 standards have been established. Such an order or instrument may direct such person 
17 to take, or refrain from taking such action, or to achieve such results, within a period 
18 of time specified by such special order, as the Commission deems necessary and 
19 feasible in order to alleviate or eliminate such pollution. The Commission is 
20 authorized to enter into consent special orders, assurances of voluntary compliance or 
21 other similar documents by agreement with the person responsible for pollution of 
22 the water, subject to the provisions of subsection (a1) of this section regarding 
23 proposed orders, and such consent order, when entered into by the Commission after 
24 public review, shall have the same force and effect as a special order of the 
25 Commission issued pursuant to hearing. Pfo7/ieea, :howevef, t:hat t:he I'fovisiofts ef 
26 this seetieft s:hall ftot aI'I'ly to afty agfieliltlifal oI'efatioft, slie:h as t:he tlse Of 
27 I'fepafatieft ef afty lafte fof the I'tlrI'oses of I'lafttiftg, growing, Of hafvestiftg I'laftts, 
28 eroI's, trees or othef agrietllttlfal I'roatlets, or raisiftg livesteek ef I'0liltry." 
29 Sec. 10. G.S. 143-215(e) reads as rewritten: 
30 II (e) Except as required by federal law or regulations, the Commission may not 
31 adopt effluent standards or limitations applicable to animal and pOUltry feeding 
32 operations. Notwithstanding the foregoing, where manmade pipes, ditches, or other 
33 conveyances have been constructed for the purpose of willfully discharging pollutants 
34 to the waters of the State, the Secretary shall have the authority to assess fines and 
35 penalties not to exceed five tholisaftd dollafs ($5,000) ten thousand dollars ($10,000) 
36 for the first offense. The definitions and provisions of 40 Code of Federal Regulations 
37 § 122.23 (July 1, 1990 Edition) shall apply to this subsection. II 
38 PART IV. TRAINING REQUIREMENTS FOR THE LAND APPLICATION OF 
39 WASTE. 
40 
41 repealed. 
42 


Sec. 11. Part 9A of Article 21 of Chapter 143 of the General Statutes is 


Sec. 12. G.S. 143B-301(a) reads as rewritten: 
43 
44 


II (a) The Water Pollution Control System Operators Certification Commission 
shall consist of 11 members. Two members shall be from the animal amculture 


Page 8 Senate DRS6657 







GENERAL ASSEMBLY OF NORTH CAROLINA SESSION 1995 


1 industry and shall be appointed by the Commissioner of Agriculture. ffi.fte Nine 
2 members shall be appointed by the Secretary of Environment, Health, and Natural 
3 Resources with the approval of the Environmental Management Commission with the 
4 following qualifications: 
5 (1) Two members shall be currently employed as water pollution 
6 control facility operators, water pollution control system 
7 superintendents or directors, water and sewer superintendents or 
8 directors, or equivalent positions with a North Carolina 
9 municipality; 


10 (2) One member shall be manager of a North Carolina municipality 
11 having a population of more than 10,000 as of the most recent 
12 federal census; 
13 (3) One member shall be manager of a North Carolina municipality 
14 having a population of less than 10,000 as of the most recent 
15 federal census; 
16 (4) One member shall be employed by a private industry and shall be 
17 responsible for supervising the treatment or pretreatment of 
18 industrial wastewater; 
19 (5) One member who is a faculty member of a four-year college or 
20 university and whose major field is related to wastewater 
21 treatment; 
22 (6) One member who is employed by the Department of Environment, 
23 Health, and Natural Resources and works in the field of water 
24 pollution control, who shall serve as Chairman of the Commission; 
25 (7) One member who is employed by a commercial water pollution 
26 control system operating firm; and 
27 (8) One member shall be currently employed as a water pollution 
28 control system collection operator, s~perintendent, director, or 
29 equivalent position with a North Carolina municipality." 
30 Sec. 13. Existing Article 3 of Chapter 90A of the General Statutes shall 
31 be designated Part 1 of that Article, to be entitled "Certification of Water Pollution 
32 Control System Operators", and is amended by adding a new Part 2 to read: 
33 "Part 2. Certification of Animal Waste Mana&ement System Operators. 
34 "§ 90A-47. Purpose. 
35 The purpose of this Part is to reduce nonpoint source pollution in order to protect 
36 the public health and to conserve and protect the quality of the State's water 
37 resources. to encoura&e the development and improvement of the State's awcultural 
38 land for the production of food and other awcultural products. and to require the 
39 examination of animal waste management system operators and certification of their 
40 competency to operate or supervise the operation of those systems. 
41 "§ 9OA-47.1. Definitions. 
42 As used in this Part: 


Senate DRS6657 Page 9 







GENERAL ASSEMBLY OF NORTH CAROLINA SESSION 1995 


1 ill 'Animal waste' means liQuid residuals resulting from the raising of 
2 swine that are collected. treated, stored, or applied to the land 
3 through an animal waste management system. 
4 W 'Animal waste management system' is defined in G.S. 143~215.1B. 
5 ill 'Application' means laying, spreadinf: on, irrigating, or injecting 
6 animal waste onto land. 
7 ill 'Owner' means the person who owns or controls the land used for 
8 af:1icultural purposes or the person's lessee Qr desif:I1ee. 
9 ill 'Operator in charge' means a person who holds a currently valid 


10 certificate to operate an animal waste management system and who 
11 has primary responsibility for the operation of the system. 
12 ill 'Swine productiQn facility' means a facility fQr the housing and 
13 raising Qf swine designed tQ serve, and actually serving, more than 
14 250 swine. 
15 "§ 90A-47.2. Certified operator required; Qualifications for certification. 
16 (a) After December 31. 1997. no owner Qr other person in control of a swine 
17 production facility having an animal waste management system shall allow the system 
18 to be Qperated by a persQn who does not hold a valid certificate as an animal waste 
19 management system operator issued by the Commission. After December 31. 1997, no 
20 person shall perform the duties of an animal waste management system operator 
21 without being certified under the provisions of this Part. Certifications that were 
22 issued for animal waste management system operatQrs under Part 9A of Article 21 of 
23 Chapter 143 Qf the General Statutes shall, subject to the prQvisiQns Qf this Part. 
24 continue in full force and effect. 
25 (b) The owner or other person in control of a swine production facility may 
26 contract· with a certified animal waste management system operator to provide for 
27 the operation of the animal waste management system at that facility. The 
28 Commission may adopt rules reQuirinf: that any certified animal waste management 
29 system operator contracting with Qne Qr mme owners or other persons in control Qf a 
30 swine production facility file an annual report with the Commission as to the 
31 operations of each system at which the operator's services are provided. 
32 II§ 90A-47.3. Qualifications for certification; training; examination. 
33 (a) The Commission. in cQQperation with the Division Qf Environmental 
34 Management, Department of Environment, Health. and Natural Resources. and the 
35 Cooperative Extension Service. shall develop and administer a program of training 
36 fQr animal waste manaf:ement System operators. The educatiQnal profUam shall not 
37 exceeg eif:ht hours Qf classroom instruction and four hQurs of inst[Uction in the field. 
38 Training materials shall be user-friendly and shall take into account the educational 
39 level of the applicants. 
40 (b) The Commission shaH develop procedures for the receipt of applications for 
41 certificatiQn, conduct of examinatiQns. and investigation of the Qualifications of 
42 applicants. In develQping the examination. provisions shall be made fQr those persons 
43 with reading or ·learning difficulties and alternate testing mcthQgs provided upon 
44 request of the applicant. 
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1 ec) The Commission shall issue a certificate as an operator in charge for each 
2 person who completes the training program established in subsection (a) of this 
3 section and demonstrates the operator's competence in the operation of animal waste 
4 management systems by passing an appropriate exam. 
5 "§ 90A-47.4. Fees: certificate renewals. 
6 (a) An applicant for certification under this Part shall pay a fee of ten dollars 
7 ($10.00) for the examination and the certificate. 
8 (b) The certificate shall be renewed annually upon payment of a renewal fee of 
9 ten dollars ($10.00). A certificate holder who fails to renew the certificate and pay 


10 the renewal fee within 30 days of its expiration shall be required to take and pass the 
11 examination for certification in order to renew the certificate. 
12 "§ 90A-47.S. Suspension; revocation of certificate. 
13 The Commission. in accordance with the provisions of Chapter 150B of the 
14 General Statutes. may suspend or revoke the certificate of any operator found to: 
15 ill Have practiced fraud or deception in obtaininli certification: 
16 ill Have failed to exercise reasonable care. judliement. or the 
17 application of the operator's knowledlie and ability in the 
18 performance of the duties of an operator in charlie: or 
19 ill Is incompetent or otherwise unable to properly perform the duties 
20 of an operator in charge. 
21 In addition to revocation of a certificate. the Commission may levy a civil penalty. 
22 not to exceed one thousand dollars ($1.000) per violation. for willfu1 violation of the 
23 requirements of this Part. 
24 "§ 90A-47.6. Rules. 
25 The Commission shall adopt rules to implement the provisions of this Part." 
26 Sec. 14. The title of Article 3 of Chapter 90A of the General Statutes 
27 reads as rewritten: 
28 "Ceftmeatisft af Water PsHl:1:tiaft CSfttral System O:peratars. Certifications Issued by 
29 the Water Pollution Control System Operators Certification Commission." 
30 PART V. CLARIFICATION OF THE SWINE FARM SITING ACT. 
31 Sec. 15. Article 67 of Chapter 106 of the General Statutes reads as 
32 rewritten: 
33 "ARTICLE 67. 
34 "Swine Farms. 
35 u§ 106-800. Title. 
36 This Article shall be known as the 'Swine Farm Siting Act'. 
37 I/§ 106-801. Purpose. 
38 The General Assembly finds that certain limitations on the siting of swine houses 
39 and lagoons for larger swine farms can assist in the development of pork I'fsdttetisft 
40 ts eSfttfiettte production. which contributes to the economic development of the 
41 State while I'ftittimil!Htg ftftY State. by lessening the interference with the use and 
42 enjoyment of adjoining property. 
43 "§ 106-802. Definitions. 
44 As used in this Article, unless the context clearly requires otherwise: 
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42 enjoyment of adjoining property. 
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44 As used in this Article, unless the context clearly requires otherwise: 
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1 (1) 'Lagoon' means a confined body of water to hold animal 
2 byproducts including bodily waste from animals or a mixture of 
3 'Waste with feed, bedding, litter or other agricultural mateftals 
4 withoet sisefiftf'ge to serfaee waters af the State exeept ift Hie eveftt 
5 af a stOflft mare seyere tfiaft tfie 25 year, 24 fioer storm. materials. 
6 (2) '~tew s"iVffi:e Htrm' meaftS fifty S¥lfftC fMe whasc aperatiafts were 
7 sitca Oft ar after Oetaber 1, 1995. Reftar;atioft 8:fta reCOftstfHetiaft af 
8 ex:istiftg fe:res aocs liOt eaftstitetc a 'ftCW swifte Htrm'. 
9 (3) 'Occupied residence' means a dwelling actually inhabited by a 


10 person on a continuous basis as exemplified by a person living in 
11 his or her home. 
12 (4) 'Sitiftg' Of 'site 'Site evaluation' means an investigation to 
13 determine if a site meets all federal and State standards as 
14 evidenced by the Waste Management Facility Site Evaluation 
15 Report on file with the Natefa:l ResaHfccs Callse:rvatioft Sef'Yicc 
16 Soil and Water Conservation District office or a comparable report 
17 certified by a professional engineer or a comparable report 
18 certified by a technical specialist approved by the North Carolina 
19 Soil and Water Conservation Commissiell fifta eithcr of wfiieh 
20 fCf'aft proviaes thc basis far cCftificatiaft by the Divisiafl af 
21 EllTrffaftmcfttaJ Maftagcmcftt ptlrstlftllt ta t'ftc Tales appcaTiftg ill thc 
22 NOftfi CMalilla AdmillistfafiYe Case gaverlliftg waste HOt 
23 diseft8:fgea to StlHaCC watcrs. Commission. 
24 (5) 'Swine farm' means a tract of land devoted to raising 250 or more 
25 animals of the porcine species. 
26 (6) 'Swine house' means a building that shelters po'rcine animals on a 
27 continuous basis. 
28 "§ 106-803. Refltlirelftellt!i Sitine requirements for sitittg- swine ft8tlSeS flft8 18:g681lS. 
29 houses. lagoons. and land areas onto which waste is applied at swine farms. 
30 (a) A swine house or a lagoon that is a component of a swine farm shall be 
31 located at least 1,500 feet from any occupied residence; at least 2,500 feet from any 
32 school, hospital, or church; and at least 100 feet from any property boundary. The 
33 outer perimeter of the land area onto which waste is applied from a lagoon that is a 
34 component of a swine farm shall be at least 50 feet from any resideftti8:1 property 
35 boeftsary boundary of property on which an occupied residence is located and from 
36 any perennial stream or river, other than an irrigation ditch or canal. 
37 (b) A swine house or a lagoon that is a component of a swine farm may be sttee 
38 located closer to a residence, school, hospital, church, or a property boundary than is 
39 allowed under subsection (a) of this section if written permission is given by the 
40 owner of the property and recorded with the Register of Deeds. 
41 "§ 1 06-804. Enforcement. 
42 Cal Any person ownin~ property directly affected by the sitin~ reguirements of 
43 G .S. 106-803 pursuant to subsection (bl of this section may brin~ a civil action a~ainst 
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1 a swine farmer who has violated G.S. 106-803 and may seek anyone or more of the 
2 following: 
3 ill Injunctive relief. 
4 ill An order enforcing the sitin~ requirements under G.S. 106-803. 
5 ill Damages caused by the violation. 
6 (b) A person is directly affected by the siting requirements of G.S. 106-803 only if 
7 the person owns: 
8 ill An occupied residence located less than 1.500 feet from a swine 
9 house or lagoon in violation of G.S. 106-803. 


10 ill A school. hospital. or church located less than 2.500 feet from a 
11 swine house or lagoon in violation of G.S. 106-803. 
12 ill Property whose boundary is located less than 100 feet from a swine 
13 house or lagoon in violation of G.S. 106-803. 
14 ® Property on which an occupied residence is located and whose 
15 boundary is less than 50 feet from the outer perimeter of the land 
16 area onto which waste is applied from a lagoon that is a 
17 component of a swine farm in violation of G.S. 106-803. 
18 ill Property that abuts a perennial stream or river. or on which a 
19 perennial stream or river is located. and that property and that 
20 perennial stream or river are less than 50 feet from the outer 
21 perimeter of the land area onto which waste is applied from a 
22 lagoon that is a component of a swine farm in violation of G .S. 
23 106-803. 
24 Cc) If the court determines it is appropriate. the court may award court costs. 
25 including reasonable attornrors' fees and ewert witness' fees. to any party. If a 
26 temporary restraining order or preliminary injunction is sought. the court may require 
27 the filing of a bond or equivalent security. The court shall determine the amount of 
28 the bond or security. 
29 Cd) Nothin~ in this section shall restrict any other right that any person may have 
30 under any statute or common law to seek injunctive or other relief. II 
31 Sec. 16. Section 2 of Chapter 420 of the 1995 Session Laws reads as 
32 rewritten: 
33 "Sec. 2. This act becomes effective October 1, 1995, efta sl'l'lies ta Sfty ftew Swffte 
34 fe::rm fe:r wfiieli S site evelttfttiaft is eaftattetea aft a:r s&e:r tfist aste. 1995. This act 
35 applies to the construction or enlargement. on or after October 1. 1995. of swine 
36 houses. lagoons. and land areas onto which waste is applied from a lagoon that are 
37 components of a swine farm. This act does not apply under each of the following 
38 circumstances: 
39 ill When the construction or enlargement occurs on or after October 
40 1. 1995. for the purpose of increasing the swine population to that 
41 set forth as the prQjected population in a registration of the swine 
42 Qperation filed with the Department of Environment. Health. and 
43 Natural Resources before October 1. 1995. 
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1 ill When the construction or enlarcement occurs on or after October 
2 1. 1995. for the purpose of increasing the swine population to the 
3 population that the animal waste mana cement system is designed 
4 to accommodate as that system is set forth in a registration of the 
5 swine operation filed with the Department of Environment. Health. 
6 and Natural Resources before October 1. 1995. or as that system is 
7 set forth in an animal waste management plan approved before 
8 October 1. 1995. 
9 ill When the construction or enlargement occurs on or after October 


10 1. 1995. for the purpose of complying with applicable animal waste 
11 management rules and not for the purpose of increasing the swine 
12 population." 
13 Sec. 17. It is the intent of the General Assembly that Sections 15 and 16 
14 of this act, other than new G.S. 106-804, as enacted in Section 15 of this act, clarify 
15 ambiguous language in the Swine Farm Siting Act, as enacted by Chapter 420 of the 
16 1995 Session Laws, and do not change the intent of that act. 
17 PART VI. MISCELLANEOUS PROVISIONS. 
18 Sec. 18. G.S. 143-215.74(b)(5) reads as rewritten: 
19 U(5) Funding may be provided to assist practices including conservation 
20 tillage, diversions, filter strips, field borders, critical area plantings, 
21 sediment control structures, sod-based rotations, grassed waterways, 
22 strip-cropping, terraces, cropland conversion to permanent 
23 vegetation, grade control structures, water control structures, 
24 emergency spillways. riparian buffers or eQ.uivalent controls. odor 
25 control best management practices. insect control best management 
26 practices. and animal waste managements systems and application. 
27 Funding for animal waste management shall be allocated for 
28 practices in river basins such that the funds will have the greatest 
29 impact in improving water Q.uality." 
30 Sec. 19. G.S. 143-215.74(b)(6) reads as rewritten: 
31 "(6) State funding shall be limited to seventy-five percent (75%) of the 
32 average cost for each practice with the assisted farmer providing 
33 twenty-five percent (25%) of the cost (which may include 'in-kind 
34 support) with a maximum of fifteeft thett:sftfte eellftf's ($15,000) I'ef' 
35 ~ seventy-five thousand dollars ($75,000) total to each 
36 applicant. U 
37 Sec. 20. (a) By September 1, 1996, all operators of animal waste 
38 management systems, as defined in G.S. 143-215.1B(h), as enacted by Section 2 of 
39 this act, shall contact their local Soil and Water Conservation District office and 
40 initiate the process to obtain an approved animal waste management plan pursuant to 
41 15A N.C.A.C. 2H.0217. Operators who meet this September 1, 1996, deadline shall 
42 be placed on a list to receive high priority for technical assistance. Operators who do 
43 not meet this deadline are not assured of receiving technical assistance before 
44 December 31, 1997. 
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1 (b) The Environmental Management Commission may enter into special 
2 agreements or contracts with operators who register by the September 1, 1996 
3 deadline under subsection (a) of this section and make a good faith effort to obtain 
4 an approved animal waste management plan by December 31, 1997. The 
5 Environmental Management Commission shall not issue a notice of violation of 15A 
6 N.C.A.C. 2H.0217 to these operators. The special agreement or contract shall set 
7 forth a schedule for an operator to follow to obtain an approved animal waste 
8 management plan by December 31, 1997. 
9 (c) The Environmental Management Commission shall strictly enforce 


10 the penalties available against those operators who fail to comply with subsection (a) 
11 of this section or otherwise fail to make a good faith effort to obtain an approved 
12 animal waste management plan by December 31, 1997. 
13 (d) The board of each Soil and Water Conservation District shall 
14 develop a strategy to help the operators of animal waste management systems in its 
15 district obtain approved animal waste management plans by December 31, 1997. 
16 Sec. 21. The Division of Environmental Management, Department of 
17 Environment, Health, and Natural Resources, shall, as a matter of State policy, 
18 encourage the development of alternative animal waste treatment and disposal 
19 technologies, shall provide incentives to operators of animal waste management 
20 systems to participate in the evaluation of new and innovative waste management 
21 technologies, and shall ensure that the regulatory process does not limit the use of 
22 innovative technologies and that the evaluation of these technologies is made in a 
23 timely manner. 
24 PART VII. EFFECTIVE DATES. 
25 Sec. 22. (a) Section 1 of this act becomes effective January 1, 1998. 
26 (b) G.S. 143-215.1B(h), as enacted by Section 2 of this act, is effective 
27 upon ratification. G.S. 143-215.1B(c)(I), (2), (3), (6), (7), and (8), as enacted by 
28 Section 2 of this act, become effective September 1, 1996, and apply to all animal 
29 waste management systems for which an approved animal waste management plan is 
30 obtained on or after that date and apply to all other animal waste management 
31 systems as of January 1, 1998. G.S. 143-215.1B(c)(4) and (5), as enacted by Section 2 
32 of this act, become effective September 1, 1996, and apply to all animal waste 
33 management systems that are constructed or expanded beyond their design capacity 
34 on or after that date. G.S. 143-215.1B(e), as enacted by Section 2 of this act, becomes 
35 effective December 31, 1997, except the'last sentence of that subsection becomes 
36 effective October 1, 1996. G.S. 143-215.1B(g) and G.S. 143-215..1C, as enacted by 
37 Section 2 of this act, and Section 3 of this act become effective October 1, 1996, and 
38 G.S. 143-215.1C applies to any new swine farm constructed on or after that date and 
39 to any existing swine farm that expands its animal waste management system beyond 
40 design capacity on or after that date. The remainder of Section 2 of this act becomes 
41 effective January 1, 1998, and applies to all animal waste management systems. 
42 (c) Section 18 of this act becomes effective July 1, 1996. The remaining 
43 sections of this act are effective upon ratification. Sections 9 and 10 of this act apply 
44 to violations that occur on or after the date of ratification. 
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D 


(Public) 


1 A BILL TO BE ENTITLED 
2 AN ACT TO APPROPRIATE FUNDS TO SUPPORT CERTAIN 
3 RECOMMENDATIONS OF THE BLUE RIBBON STUDY COMMISSION ON 
4 AGRICULTURAL WASTE. 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 


The General Assembly of North Carolina enacts: 
Section 1. (a) There is appropriated from the General Fund to the 


Division of Soil and Water Conservation, Department of Environment, Health, and 
Natural Resources, the sum of three million eight hundred thousand dollars 
($3,800,000) for the 1996-97 fiscal year for the Agriculture Cost Share Program for 
Nonpoint Source Pollution Control to be used for the costs associated with obtaining 
an approved animal waste management plan. 


(b) G.S. 143-21S.74(b)(S) reads as rewritten: 
"(5) Funding may be provided to assist practices including conservation 


tillage, diversions, filter strips, field borders, critical area plantings, 
sediment control structures, sod-based rotations, grassed waterways, 
strip-cropping, terraces, cropland conversion to permanent 
vegetation, grade control structures, water control structures, 
emer"ency spillways. riparian buffers or eQ.uivalent controls. odor 
control best manag-ement practices. insect control best manag-ement 
practices. and animal waste managements systems and application. 
Fundin~ for animal waste mana"ement shall be allocated for 
projects in river basins such that the funds will have the greatest 
impact in improvin~ water Q.uality." 


(c) G.S. 143-215.74(b)(6) reads as rewritten: 
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1 n(6) State funding shall be limited to seventy-five percent (75%) of the 
2 average cost for each practice with the assisted farmer providing 
3 twenty-five percent (25%) of the cost (which may include in-kind 
4 support) with a maximum of fifteefi taol:1:safid dollars ($15,000) per 
5 yetH' seventy-five thousand dollars ($75,000) total to each 
6 applicant." 
7 Sec. 2. There is appropriated from the General Fund to the Division of 
8 Soil and Water Conservation, Department of Environment, Health, and Natural 
9 Resources, the sum of one million four hundred seventeen thousand five hundred 


10 dollars ($1,417,500) for the 1996-97 fiscal year to support the Division to provide 
11 technical assistance to operators of animal operations that are in the process of 
12 obtaining an approved animal waste management plan pursuant to the animal waste 
13 management rules. 
14 Sec. 3. There is appropriated from the General Fund to the Division of 
15 Environmental Management, Department of Environment, Heaith, and Natural 
16 Resources, the sum of four hundred eighty-four thousand dollars ($484,000) for the 
17 1996-97 fiscal year to establish and support positions in the Division to conduct 
18 permitting, inspection, and enforcement activities for animal waste management 
19 systems. 
20 Sec. 4. There is appropriated from the General Fund to the Department 


of Agriculture the sum of six hundred seventy-two thousand eight hundred dollars 
($672,800) for the 1996-97 fiscal year to establish and support seven positions in the 
Department to conduct tests of animal waste and of soils of crops onto which the 
waste has been applied at animal operations. 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 


Sec. 5. There is appropriated from the General Fund to the Department 
of Environment, Health, and Natural Resources the sum of two hundred eighty-six 
thousand dollars ($286,000) for the 1996-97 fiscal year for the Department to enter 
into a contract with a research institution to design and implement a scientifically 
valid study that uses available technology for the purpose of identifying the non point 
sources of nitrogen in the surface waters of the State. The results of this study shall 
be reported to the Department and to the Environmental Review Commission no 
later than January 1, 1999. . 


Sec. 6. (a) There is appropriated from. the General Fund to the 
Department of Environment, Health, and Natural Resources the sum of four hundred 
thousand dollars ($400,000) for the 1996-97 fiscal year for the Department to enter 
into a contract with a research institution to design and implement a scientifically 
based study for the purpose of determining the extent to which lagoons pose a threat, 
if any, to the groundwater' of this State. Lagoons that are representative of soil types 
and hydrologic conditions in North Carolina shall be selected for this study. 


(b) For purposes of this study, a lagoon is posing a threat to groundwater 
if nitrate levels exceed 10 parts per million in a location beyond 250 feet of the 
boundary of the lagoon. 


. (c) An environmental interest group, a regulatory agency, and a 
44 commodity group representing the pork industry shall participate in this study. 
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1 (d) The results of this study shall be reported to the Department and to 
2 the Environmental Review Commission no later than January 1, 1999. 
3 Sec. 7. There is appropriated from the General Fund to the Board of 
4 Governors of The University of North Carolina the sum of five hundred thousand 
5 dollars ($500,000) for the 1996-97 fiscal year for the North Carolina Agricultural 
6 Research Service at North Carolina State University to serve as a focal point for 
7 experimentation with and testing of alternative animal waste disposal technologies for 
8 use in agriculture. 
9 Sec. 8. There is appropriated from the General Fund to the Division of 


10 Soil and Water Conservation, Department of Environment, Health, and Natural 
11 Resources, the sum of six hundred thousand dollars ($600,000) for the 1996-97 fiscal 
12 year to enter into a contract to conduct research into economically feasible odor 
13 control technology and to provide detailed economic analysis of odor management 
14 alternatives; provided these funds are matched with an equal sum from private 
15 sources. Accurate information regarding the identity of research funding sources 
16 under this section shall be published and made available to the general public. 
17 Sec. 9. This act becomes effective July 1, 1996. 
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Title lSA Environmental Management 21L0202 


demonstrates that the DEM approved site has adequate capacity to 
accept the residuals. 


(9) A constructioo sequence plan must be submitted with applica
tions for an Authorizatioo to Construct for modification of existing 
wastewater treatment facilities. The plan must outline the coostruction 
sequence to ensure cootinuous operation of the treatment system. 


(c) Fees for Authorization to Construct Permits 


(1) For every application for a new or modified coostruction permit, 
for facilities with a permitted flow of greater than 100,000 gallons per 
day, a nonrefundable application processing fee of two hundred dollars 
($200.00) must be submitted. 


(2) For every application for a new or modified coostruction permit, 
for facilities with a permitted flow of equal to or less than 100,000 gal
loos per day but greater than 1,000 gallons per day, a nonrefundable 
application processing fee of one hundred and fifty dollars 
($150.00) must be submitted. 


(3) For every application for a new or modified coostruction permit, 
for facilities with a permitted flow of equal to or less than 1,000 galloos 
per day, a nonrefundable applicatioo processing fee of one hundred 
dollars ($100.00) must be submitted .. 


HISlORY Nom 
StalllllXy Aulhority G.S. 143-215.I(c)(1); 
Eff. October I, 1987; 
Amended Eff. March 1,1993; August 3, 1992. 


.0139 MINIMUM DESIGN REQUIREMENTS 
All facilities requiring a permit pursuant to this Section shall be 


designed following good engineering practice and comply with the 
minimum design requirements specified in Rule 2H .0219 of this Sub
chapter. The plans and specifications must be stamped and sealed by 
a Professi~l Engineer licensed in North Carolina unless all three of 
the following cooditions are met 


(1) the plans and specifications are for domestic waste from a single 
family dwelling with flows of 1000 gallons per day or less, and 


(2) the plans and specifications are prepared by the homeowner, and 
contain complete information needed to evaluate the proposed facility, 
and 


(3) the effluent limitatioos are for secoodary treatment. 


HISlORY Nom 
StalllllXy Aulhority G.S. 143-215.I(c)(1); 
Eff. October I, 1987. 


.0140 CERTIFICATION OF COMPLETION 
Prior to operation of any treatment works or disposal system per


mitted in accordance with this Section, a certificatioo must be received 
from a professional engineer certifying that the treatment works or dis
posal system has been installed in accordance with the approved plans 
and specificatioos. For facilities with phased constructioo or where 
there is a need to operate certain equipment under actual operating 
conditions prior to certificatioo, additional certification may be needed 
as follow-ups to the initial, pre-operation, certification. In cases where 
the treatment works or disposal system was designed by a homeowner 
rather than a professional engineer, either the permittee or a profes
sional engineer must submit this certificatioo. 


HISlORY N01E 
StallIlOry Aulhority G.S. 143-215.I(c)(1); 
Eff. October I, 1987. 


.0141 OPERATIONAL AGREEMENTS 
Prior to issuance or reissuance of a permit pursuant to this Section 


for a wastewater facility as specified in G.S. 143-215.1(dl), the appli
cant must either provide evidence to show that the applicant has been 


designated as a public utility by the State Utilities Commission or enter 
into a properly executed operational agreement with the Division of 
Enviroomental Management The requirement for assurance of fman
cial solvency will be made on a case by case determinatioo. 


HISlORY Nom 
StalllllXy Aulhority G.S. 143-215.1(dl); 
Eff. October I, 1987. 


.0142 USEIWASTEWATER TRTMT WORKS EMGCY 
MAIN: OPER/REPAIR FUND 


(a) In cases in which water quality standards are violated or an envi
rmmental health threat exists, monies from the Wastewater Treatment 
Works Emergency Maintenance, Operatioo and Repair Fund may be 
used at the discretion of the Director to correct the cause of such condi
tions. 


(b) In this, the Director shall: 


(1) Ensure the fiscal integrity of the fund; 


(2) Use the fund ooly as a measure of last resort to protect water 
quality or public health when all other compliance and enforcement 
procedures have failed; 


(3) Limit the use of the fund to wastewater treatment works with 
design flow capacities of less than or equal to one hundred thousand 
galloos per day (lOO,OOO GPD); 


(4) Notify the permittee by certified mail of the intentioo to take 
emergency corrective action and to recoup monies spent; 


(5) Make every effort to recoup fund expenditures, including collec
tion costs, from the parties responsible; 


(6) Coordinate use of the fund with the program of the Public Utili
ties Commission when a permittee is also a regulated utility; and 


(7) Provide a quarterly accounting of the fund to the Cornmissioo. 


HISlORY Nom 
StaUIlXy Aulhority G.S. 143-215.3(a); 143-2153B(c); 143-2153B(e); 
Eff. August I, 1988. 


SECTION .0200 - WAS"rE NOT 
DISCHARGED TO SURFACE WATERS 


.0201 PURPOSE 
The rules in this Section set forth the requirements and procedures for 


application and issuance of permits for the following systems which do 
not discharge to surface waters of the state: 


(1) sewer systems; 
(2) disposal systems; 
(3) treatment works; and 
(4) residual and residue disposallutilizatioo systems; 
(5) animal waste management systems; 
(6) treatment of petroleum cootaminated soils; and 
(7) stormwater management systems pursuant to 15A NCAC 2H 


.1000. 


HlSlORY Nom 
StalllllXy Aulhority G.S. 143-215.3(a)(1); 143-215.1; 
Eff. February I, 1976; 
Amended Eff. September I, 1995; February I, 1993; November I, 1987. 


.0202 SCOPE 
The rules in this Sectioo apply to all persons proposing to construct, 


alter, extend, or operate any sewer system, treatment works, disposal 
system, petroleum contaminates soil treatment system, animal waste 
management system, stormwater management system or residual dis
posaVutilization system which does not discharge to surface waters of 
the state. including systems which discharge waste onto or below land 
surface. However, these Rules do not apply to sanitary sewage systems 
or solid waste management facilities which are permitted under the 
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authority of the Commission for Health Services. The provisions for 
storm water management systems can be found in 15A NCAC 2H .1000. 


HISTORY NOlE 


Stannory Authority G.S. 130A-335; 143-215.1; 143-215.3(a)(1); 


Eft. February 1, 1976; 
Amended Eft. September 1, 1995; February 1, 1993; November 1, 1987. 


.0203 DEFINITION OF TERMS 
The terms used in this Section shall be as defined in G.S. 143-213 


except for G.S. 143-213(15) and (18)a. and as follows: 
(1) "Agronomist" means an individual who is a Certified Professional 


Agronomist by ARCP ACS (American Registry of Certified Profession
als in Agronomy, Crops and Soil) or an individual with a demonstrated 
knowledge in agronomy. 


(2) "Animal waste" means livestock or poultry excreta or a mixture 
of excreta with feed, bedding, litter or other materials. 


(3) "Animal waste management system" means a combination of 
structural and non-structural practices which will properly collect, treat, 
store or apply animal waste to the land such that no discharge of pollut
ants occurs to surface waters of the state by any means except as a result 
of a storm event more severe than the 25-year, 24-bour storm. 


(4) "Approved animal waste management plan" means a plan to prop
erly collect, store, treat or apply animal waste to the land in an environ
mentally safe manner and approved according to the procedures estab
lished in 15A NCAC 2H .0217(a)(1)(H). 


(5) "Bedrock" means any consolidated or coherent and relatively 
hard, naturally-formed mass of mineral matter which cannot be readily 
excavated without the use of explosives or power equipment. 


(6) "Building" means any structure or part of a structure built for the 
separate shelter or enclosure of persons, animals, chattels, or property of 
any kind and which has enclosing walls for at least 50 percent of its 
perimeter. Each unit separated from other units by a four hour fIre wall 
shall be considered as a separate building. 


(7) "Building drain" means that part of the lowest piping of a drainage 
system which receives waste from inside the building and conveys it to 
the building sewer which begins 10 feet outside the building wall. 


(8) "Building sewer" means that part of the horizontal piping of a 
drainage system which receives the discharge from a single building 
drain and conveys it directly to a public sewer, private sewer, or on-site 
sewage disposal system. Pipelines or conduits, pumping stations and 
appliances appurtenant thereto will not be considered to be building sew
ers if they traverse adjoining property under separate ownership or travel 
along any highway right of way. 


(9) "C horizon" means the unconsolidated material underlying the soil 
solum, which mayor may not be the same as the parent material from 
which the solum is formed but is below the zones of major biological 
activity and exhibits characteristics more similar to rock than to soil. 


(10) "Director" means the Director of the Division of Environmental 
Management, Department of Environment, Health, and Natural 
Resources or his delegate. 


(11) "Dedicated site" means a site: 
(a) to which residuals are applied at rates or frequencies greater than 


agronomically justillable, or where the primary use of the land is for 
residual disposal and crop or ground cover production is of secondary 
importance, 


(b) any residual disposal site designated by the Director, or 
(c) where the primary use of the land is for the repetitive treatment of 


soils containing petroleum products or petroleum contaminated residues 
and crop or ground cover production is of secondary importance. 


(12) "Deemed permitted"means that a facility is considered as having 
a needed permit and being compliant with the permitting requirements 
of G.S. 143-215.1(a) even though it has not received an individual per
mit for its construction or operation. 


(13) "Division" or "(DEM)" means the Division of Environmental 
Management, Department of Environment, Health. and Natural 
Resources. 


(14) "Existing animal waste management system" means any anim~1 
waste management system which: 


(a) was completed and was being operated on the effective date of this 
Rule, 


(b) serves a feedlot stocked with animals after the effective date of this 
Rule and has been deemed permitted pursuant to 15A NCAC 2H 
.0217(a)(1), or 


(c) serves a feedlot that has been abandoned or unused for a period of 
less than four years. 


(15) "Expanded animal waste management system" means animal 
waste treatment and storage facilities which require an increase over the 
existing animal waste design treatment and storage capacity due to an 
increase in animal population, at the feedlot 


(16) "Feedlot" means a lot or building or combination of lots and 
buildings intended for the confmed feeding, breeding, raising or holding 
of animals and specifically designed as a confmement area in which ani
mal waste may accumulate or where the concentration of animals is such 
that an established vegetative cover cannot be maintained. The confme
mentperiodmust be for at least 45 days outof a 12 month period and not 
necessarily consecutive days. Pastures shall not be considered feedlots 
under this Rule. 


(17) "General Permit" means a permit issued Wlder G.S. 
143-215. 1 (b)(3) and (4). 


(18) "Ground waters " means those waters in the saturated zone of the 
earth as defmed in 15A NCAC 2L. 


(19) "Industrial wastewater" means all wastewater other than sewage 
and includes: 


(a) wastewater resulting from any process of industry or manufacture, 
or from the development of any natural resource; 


(b) wastewater resulting from processes of trade or business, includ
ing wastewater from laundromats and vehicle/equipment washes, but 
not wastewater from restaurants; 


(c) stormwater will not be considered to be an industrial wastewater 
unless it is contaminated with an industrial wastewater; 


(d) any combination of sewage and industrial wastewater; 
(e) municipal wastewater will be considered to be industrial Wastewa


ter Wlless it can be demonstrated to the satisfaction of the Division that 
the wastewater contains no industrial wastewater; 


(t) Petroleum contaminated groundwater extracted as part of an 
approved groundwater remediation system. 
- (20) "InfIltration Systems" means a subsurface groWld absorption 
system expressly designed for the introduction of previously treated 
petroleum contaminated water into the subsurface environment. 


(21) "New animal waste management system" means animal waste 
management systems which are constructed and operated at a site where 
no feedlot existed previously or where a'system serving a feedlot has 
been abandoned or unused for a period of four years or more and is then 
put back into service. 


(22) "Process to Further Reduce Pathogens" or "PFRP" means a 
residuals stabilization process that reduces pathogens to below detection 
levels. The procedures that may be utilized to meet this requirement are 
contained in 40 CFR 257, Appendix IT which is hereby incorporated by 
reference including any subsequent amendments and editions. Copies 
of this publication are available from the Government Institutes, Inc., 4 
Research Place, Suite 200, Rockville, MD 20850-1714 for a cost of 
thirty-six dollars ($36.00) each plus four dollars ($4.00) shipping and 
handling. Copies are also available for review at the Division of Envi
ronmental Management, Archdale Building, 512 N. Salisbury Street, P. 
o. Box 29535, Raleigh, North Carolina 27626-0535. 


(23) "Process to Significantly Reduce Pathogens" or "PSRP" means 
a residuals stabilization process that provides the minimal acceptable 
lever of pathogen and vector attraction reduction prior to land applica
tion. The procedures that may be utilized to meet this requirement are 
contained in 40 CFR 257, Appendix IT which is hereby incorporated by 
reference including any subsequent amendments and editions. Copies 
of this publication are available from the Government Institutes, Inc., 4 
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Research Place, Suite 200, Rockville, MD 20850-1714 for a cost of 
thirty-six dollars ($36.00) each plus four dollars ($4.00) shipping and 
handling. Copies are also available for review at the Division of Envi
ronmental Management, Archdale Building, 512 N. Salisbury Street, 
P.O. Box 29535, Raleigh, North Carolina 27626....()535. 


(24) "Petroleum contaminated soil" or "Soil containing petroleum 
products" shall mean any soil that has been exposed to petroleum prod
ucts because of any emission, spillage, leakage, pumping, pouring, emp
tying, or dumping of petroleum products onto or beneath the land surface 
and that exhibits characteristics or concentrations of typical petroleum 
product constituents in sufficient quantities as to be detectable by com
patible laboratory analytical procedures. 


(25) "Petroleum product" means all petroleum products as defIned by 
G.S. 143-215.94A(7) and includes motor gasoline, aviation gasoline, 
gasohol, jet fuels, kerosene, diesel fuel, fuel oils (# 1-#6), and motor oils 
(new and used). . 


(26) "Pollutant" means waste as defined in G.S. 143-213(18). 
(27) "Private sewer" means any part of a sewer system which collects 


wastewater from more than one building, is privately owned and is not 
directly controlled by a public authority. 


(28) "Professional engineer" means a person who is presently regis
tered and licen~ed as a professional engineer by the North Carolina State 
Board of Registration For Professional Engineers and Land Surveyors. 


(29) "Public or community sewage system" means a single system of 
sewage collection, treatment, or disposal owned and operated by a sani
tary district, a metropolitan sewage district, a water and sewer authority, 
a county, a municipality, or a public utility. 


(30) "Public sewer" means a sewer located in a dedicated public 
street, roadway, or dedicated public right-of-way or easement which is 
owned or operated by any municipality, county, water or sewer district, 
or any other political subdivision of the state authorized to construct or 
operate a sewer system. 


(31) "Rapid inflltration system" means rotary distributor systems or 
other similar systems that dispose of tertiary treated waste athigh surface 
area loading rates of greater than 1.5 gpdlft2. 


(32) "Residuals" means any solid or semisolid waste, other than resi
dues from agricultural products and processing generated from a waste
water treatment facility, water supply treatment facility or air pollution 
control facility permitted under the authority of the Environmental Man
agement Commission. 


(33) "Residues from agricultural products and processing" means sol
ids, semi-solids or liquid residues from food and beverage processing 
and handling; silviculture; ·agriculture; and aquaculture operations per
mitted under the authority of the Environmental Management Commis
sion that are non-toxic, non-hazardous and contain no domestic waste
water. 


(34) "Sewage" means the liquid and solid human waste, and liquid 
waste generated by domestic water-using fIXtures and appliances, from 
any residence, place of business, or place of public assembly. Sewage 
does not include wastewater that is totally or partially industrial waste
water, or any other wastewater not considered to be domestic waste. 


(35) "Sewer system" means pipelines or conduits, pumping stations, 
specialized mode of conveyance and appliances appurtenant thereto, 
used for conducting wastes to a point of ultimate disposal. 


(36) "Soil remediation at conventional rates" means the utilization of 
soils containing petroleum products by land application methods, at an 
evenly distributed thickness not to exceed six inches. 


(37) "Soil remediation at minimum rates" means the treatment of soils 
containing petroleum products by land application methods, at an evenly 
distributed application thickness not to exceed an average of one inch. 


(38) "Soil scientist" means an individual who is a Certified Profes
sional in Soils through the NCR CPS (N.C. Registry of CertifIed Profes
sionals in Soils) or a CertifIed Professional Soil Scientist or Soil Special
ist by ARCPACS (American Registry of Certified Professionals in 
Agronomy, Crops and Soils) or a Registered Professional Soil Scientist 
by NSCSS (the National Society of Consulting Soil Scientist) or can pro-


vide documentation that he/she meets the minimum education and expe
rience requ irements for certification or re gistration by one or more of the 
organizations named in this Subparagraph or upon approval by the 
Director, an individual with a demonstrated knowledge of Soil Science. 


(39) "Staff' means the staff of the Division of Environmental Man
agement, Department of Environment, Health, and Natural Resources. 


(40) "Stormwater" is defmed in G.S. 143, Article 21. 
(41) "Subsurface ground absorption sewage disposal system" means 


a waste disposal method which distributes waste beneath the ground sur
face and relies primarily on the soil for leaching and removal of dis
solved and suspended organic or mineral wastes. Included are systems 
for public or community sewage systems and systems which are 
designed for the disposal of industrial wastes. Land application systems 
utilizing subsurface residual injection are not included. 


(42) "Surface waters" means all waters of the state as defmed in G.S. 
143-212 except underground waters. 


(43) "Toxicity test" means a test for toxicity conducted using the pro
cedures contained in 40 CFR 261, Appendix IT which is hereby incorpo
rated by reference including any subsequent amendments and editions. 
Copies of this publication are available from the Government Institutes, 
Inc., 4 Research Place, Suite 200, Rockville, MD 20850-1714 for a cost 
of thirty-six dollars ($36.00) each plus four dollars ($4.00) shipping and 
handling. Copies are also available for review at the Divisioo of Envi
ronmental Management, Archdale Building, 512 N. Salisbury Street, 
P.O. Box 29535, Raleigh, North Carolina 27626-0535. 


(44) "Treatment works or disposal system which does not discharge 
to surface waters" means any treatment works, facility or disposal sys
tem which is designed to: 


(a) operate as closed system with no discharge to waters of the state, 
or 


(b) dispose/utilize of wastes, including residuals, residues, contami
nated soils and animal waste, to the surface of the land, or 


(c) dispose of wastes through a subsurface absorption system. 
(45) "Waste oil" means any used nonhazardous petroleum product 


other than crankcase oil. Crankcase oil mixed with other used nonhaz
ardous petroleum products will be considered as waste oil. 


HISTORY NOTE 


Statutory Authority G.S. 130A-335; 143-213; 143-215.3(8)(1); 
Eff. February 1, 1976; 
Amended Eff. September 1, 1995; February 1, 1993; August 1,1988; November 
1, 1987. 


.0204 ACTIVITIES WHICH REQUIRE A PERMIT 
No person shall do any of the things or carry out any of the activities 


contained in N.C.G.S. 143-215. 1 (a)(1) thru (11) until or unless the per
son shall have applied for and received a permit from the Director (or if 
appropriate an approved local sewer system program) and shall have 
complied with the conditions prescribed in the permit. 


HISTORY NOTE 


StaUltory Authority G.S. 130A-335; 143-215.1; 143-215.3(8)(1); 
Eff. February 1, 1976; 
Amended Eff. September 1, 1995; October 1, 1987; February 1, 1986. 


.0205 APPLICATION: FEES: SUPPORTING 
INFORMATION: REQUIREMENTS 


(a) Jurisdiction. Applications for sewer system extensions under the 
jurisdiction of a local sewer system program shall be made in accor
dance with applicable local laws and ordinances. Applications for per
mits from the Division shall be made in accordance with this Rule as 
follows. 


(b) Applications. Application for a permit must be made in triplicate 
on offIcial forms completely filled out, where applicable, and fully 
executed in the manner set forth in Rule .0206 of this Section. A proces
sing fee as described herein must be submitted with each application 
in the form of a check or money order made payable to N.C. Department 
of Environment, Health, and Natural Resources. Applications may be 
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.0213 MODIFICATION AND REVOCATION OF PERMITS 100 head of cattle 


Any permit issued by the Division pursuant to these Rules is subject 
to revocation, or modification upon 60 days notice by the Director in 
whole or part for good cause including but not limited to: 


(1) violation of any tenns or conditions of the permit; 


(2) obtaining a permit by misrepresentation or failure to disclose 
fully all relevant facts; 


(3) refusal of the permittee to allow authorized employees of the 
Department of Environment, Health, and Natural Resources upon pre
sentation of credentials: 


(a) to enter upon permittee's premises on which a system is located 
in which any records are required to be kept under terms and conditions 
of the permit; 


(b) to have access to any copy and records required to be kept under 
terms and conditions of the permit; 


(c) to inspect any monitoring equipment or method required in the 
permit; or 


(d) to sample any discharge of pollutants. 


(4) failure to pay the annual fee for administering and compliance 
monitoring. 


HIsTORY NOTE 


Statutory Authaity 0.5. 143-215.3(a)(1); 143-215.1(b)(2); 
Eft. February I, 1976; 
Amended Eft. February I, 1993; August I, 1988; October I, 1987; November I, 
1978. 


• 0214 ,NVES,.,GAT,ONS: MONITORING AND 
REPORTING 


HIsroRY NOTE 


Statutory Authority O.S. 143-215.3(a); 143-215.l(b); 
Eft. February I, 1976; 
Amended Eft. November 1,1978; 
Repealed Elf. Octobe£ I, 1987. 


.0215 DELEGATION OF AUTHORITY 
For permits issued by the Divisicn, the Director is authorized to dele


gate any or all of the functions contained in these Rules except the fol
lowing: 


(1) denial of a permit application; 


(2) revocation of a permit not requested by the permittee; 


(3) modification of a permit not requested by the permittee. 


HlsToRyNOTE 


Statutory Authority O.S. 143-215.3(a)(I); 143-215.3(a)(4); 
Eft. February I, 1976; 
Amended Eft. February 1,1993; October I, 1987; February I, 1986. 


.0216 LIMITATION ON DELEGA1·,ON 
HIsTORY NOTE 


Statutory Authority O.S. 143-215.3(a)(1); 143-215.9(d); 143-215.3(a)(4); 
Eff. February 1, 1976; 
Repealed Elf. February I, 1986. 


.0217 PERMITTING BY REGULATION 
(a) The following nondischarge facilities are deemed to be permitted 


pursuant to G.S. 143-215. 1 (d) and it shall not be necess8l)' for the Divi
sion to issue individual permits for construction or operation of the fol
lowing facilities: 


(1) Animal waste management systems for which waste does not 
reach the swface waters by runoff, drift, direct application or direct 
discharge during operation or land application and which meet the fol
lowing criteria: 


(A) Systems which are designed for, and actually serve, less than 
the following number of animals and all other systems not specifically 
mentioned in this Rule: 


75 horses 


250 swine 


1,000 sheep 


30,000 birds with a liquid waste system 


Although these systems are not required to obtain an approved ani
mal waste management plan, animal waste treatment and storage facili
ties such as, but not limited to, lagoons, ponds, and drystacks which 
are designed and constructed to serve new, upgraded or expanded f acili
ties under these size criteria are encouraged to meet the same minimum 
standards and specifications as required for an approved animal waste 
management plan. Systems that are determined to have an adverse 
impact on water quality may be required to obtain an approved animal 
waste management plan or to apply for and receive an individual non
discharge permit from DEM. 


(B) Poultry operations which use a dry litter system if recOIds are 
maintained for one year which include the dates the litter was removed. 
the estimated amount of litter removed and the location of the sites 
where the litter was land applied by the poultry operation, the waste 
is applied at no greater than agronomic rates and if litter is stockpiled 
not closed than 100 feet from perennial waters as indicated on the most 
recent published version ofU.S.G.S. 1:24.000 (7.5 minute) scale t0po
graphic maps and other waters as determined by the local soil and water 
conservation district H a third party applicators is used, records must 
be maintained of the name, address and phone number of the third party 
applicator . 


(C) Land application sites under separate ownership from the waste 
generator, receiving animal waste from feedlots which is applied by 
either the generator or a third party applicator, when all the following 
conditions are met 


(i) the waste is applied at no greater than agrcnomic rates; 


(ii) a vegetative buffer (separation) of at least 25 feet is maintained 
from perennial waters as indicated on the most recent published version 
of U.S.G.S. 1:24,000 (7.5 minute) scale topographic maps and other 
waters as determined by the local soil and water conservation district, 
if a wet waste application system is used. 


(D) Existing animal waste management systems serving equal to or 
greater than the number of animals as listed in Part (a)(1XA) of this 
Rule until December 31, 1997. In addition, a registration form for the 
system must be submitted to DEM on forms supplied or approved by 
DEM purSuant to Paragraph (c) of this Rule. Systems that are deter
mined to have an adverse impact on water quality may be required to 
obtain an approved animal waste management plan or to apply for and 
receive an individual nondischarge permit from DEM. 


(E) Existing animal waste management systems serving equal to or 
greater than the number of animal as listed in Part (a)(1 )(A) of this Rule, 
which have an approved animal waste management plan by December 
31,1997. Systems that do not have an approved animal waste manage
ment plan or are determined to have an adverse impact on water quality 
may be required to apply for and receive an individual nondischarge 
permit from DEM. 


(F) New and expanded animal waste management systems serving 
equal to or greater than the number of animals listed in Part (a)(lXA) of 
this Rule which are placed in operation during the period from the effec
tive date of this Rule through December 31, 1993 and which submitted 
a registration form for the system to DEM on forms supplied or 
approved by DEM. Systems that are determined to have an adverse 
impact on water quality may be required to obtain an approved animal 
waste management plan or to apply for and receive an individual non
discharge permit )from DEM. 
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(G) New and expanded animal waste management systems serving 
equal to or greater than the number of animals listed in Part (a)(l)(A) of 
this Rule, which have an approved animal waste management plan after 
December 31, 1993. 


(H) For the purpose of this Rule, the procedures for the development 
of an approved animal waste management plan shall be as follows: 


(i) The animal waste management practices or combination of prac
tices which are selected to comprise a plan for a specific feedlot must 
meet the minimum standards and specifications of the U.S. Department 
of Agriculture - Soil Conservation Service contained in the Field Office 
Technical Guide or the standard of practices adopted by the Soil and 
Water commission or standards for any combination of practices which 
provide water quality protection and are approved by one of these two 
agencies. 


(ii) Plans must be certified by any technical specialist designated pur
suant to rules adopted by the Soil and Water Cooservation Commission 
and the certificate submitted to the DEM central office on forms 
approved or supplied by DEM. The technical specialist must certify 
that the best management practices which comprise the plan meet the 
applicable minimnm standards and specifications. Should the Soil and 
Water Conservation Commission fail to adopt rules to implement the 
provisions of this Rule within 12 months of its effective date, all animal 
waste management systems that would have been required to obtain 
an approved anima1 waste management plan must apply for and receive 
an individual nondischarge permit from the Division of Environmental 
Management. 


(iii) The land application buffers must meet the conditions estab
lished in Subpart (a)(l)(C)(ii) of this Rule. 


(iv) The waste shall not be applied at greater than agronomic rates. 


(v) For new or expanded animal waste management systems requir
ing a plan, plan approval must include an on-site inspection to confirm 
that animal waste storage and treatment structures such as but not lim
ited to lagoons and ponds have been designed and constructed to meet 
the appropriate minimum standards and specifications. 


(vi) New and expanded animal waste storage and treatment facilities 
such as but not limited to lagoons and ponds shall be located at least 
100 feet from perennial waters as indicated on the most recent published 
version of U.S.G.s. 1:24,000 (7.5 minute) scale topographic maps and 
other waters as determined by the local soil and water conservation 
district. This buffer requirement shall also apply to areas where an 
established vegetative cover will not be maintained because of the con
centration of animals, with the exception of stream crossings. Animal 
waste storage/treatment facilities and animal concentration areas will 
be exempt from the minimum buffer requirements if it can be docu
mented that no practicable altemative exists and that equivalent con
trols are used as approved by the Soil and Water Conservation Commis
sion. 


(vii) For new facilities. an animal waste management plan must be 
approved before anima1s are initially stocked For an expanded facility, 
an animal waste management plan must be approved before the addi
tional animals are stocked. New and expanded systems may be 
constructed in phases as long as each phase meets the minimum criteria 
established in Subpart (a)(l)(H)(i) of this Rule. 


(viii) For existing animal waste management systems, the animal 
waste management plan shall include only operational and maintenance 
standards and specifications in effect on the date of plan approval . 
Meeting minimum design and construction standards and specifications 
for existing animal waste storage and treatment structures, such as but 
not limited to lagoons and ponds, shall not be required for plan 
approval. 


(ix) An approved plan for an existing animal waste management sys
tem may be amended at any time without submitting a new certification 
to DEM if the revision meets minimum standards and specifications 
and is approved by any technical specialist designated pursuant to Sub
part (a)(l)(H)(ii) of this Rule. 


(x) For animal waste management systems which use thitd party 
applicators, the plan must require a current record to be maintained 
for a period of one year which includes the name, address and phone 
number of the thitd party applicator, the date of removal of the animal 
waste and the amount of waste removed. 


(xi) An approved plan is not required to be approved again when 
revisions are made to the minimum standards and specifications, but 
such revision, as applicable, will be encouraged to be incorporated into 
the plan. 


(xii) For each change in ownership of the feedlot, the new owner 
must notify DEM in writing within 60 days of transfer of ownership 
that the approved plan has been read and is understood and that all pro
visioos of the plan will be implemented. 


(xiii) A copy of the approved plan. the signed certification form and 
any approved revisions to the plan shall be maintained by the operator. 


(2) Treatment works and disposal systems for solid waste disposal 
sites and composting facilities for solid waste. residuals or residues 
approved in accordance with the rules of the Commissioo. for Health 
Services if the Commission for Health Services has received the written 
concurrence of the Director. The term solid waste is used as dermed 
in G.S. 130A-290 and includes hazardous waste. 


(3) Any building sewer documented by the local building inspector 
to be in compliance with the N.C. State Plumbing Code. 


(4) Sites pennitted under the authority of the Commission for Health 
Services for the disposaVutilization of residualslseptage. 


(5) Individual land application sites receiving compost or other stabi
lized residuals that are demonstrated as being nonhazardous and noo
toxic, meet EPA's criteria for PFRP or Class A residuals as dermed 
in 40 CFR 503, are registered by the North Carolina Department of 
Agriculture as a commezeial fertilizer/soil amendment, are utilized at 
agronomic rates and are sold and used exclusively in bag form. No 
distinction will be made as to whether the material is bagged in North 
Carolina or shipped into the state already bagged. 


(6) Storage sites for petroleum contaminated soils that are utilized 
for less than 45 days, storage is on 10 mil or thicker plastic, provisions 
are made for containing potential leachate and runoff and approval of 
the activity has been receiving from the appropriate DEM Regional 
Supervisor or his designee. 


(7) Land application sites for petroleum contaminated soils with vol
umes of soil from each souzee of less than or equal to 50 cubic yards 
and approval of the activity has been received from the appropriate 
DEM Regional Supervisor or his designee. 


(8) Swimming Pool filter backwash and pool drainage that is dis
charged to the land surface. 


(9) Drilling muds, cuttings and well water from the development of 
wells. 


(10) Composting facilities for dead animals, if the facilities are 
constructed and operated in accordance with guidelines approved ,by 
the North Carolina Department of Agriculture, are constructed on an 
impervious, weight-bearing foundation, operated under a roof and are 
approved by the State Veterinarian. 


(11) Operations that involve routine maintenance or the rehabilita
tion of existing sewer lines. In situations where existing sewer lines 
are undergoing routine maintenance, the existing sewer lines are being 
rehabilitated by constructing or installing replacement sewers, or the 
existing sewer lines are being refurbished by the installation of some 
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type of sealant or sleeve inside the existing sewer line, a specific nondis
charge permit is not required. These operations will be deemed to be 
permitted as long as all construction and installation conforms to the 
design criteria of the Division pursuant to Rule .0219 of this Section, 
as long as new sources of wastewater flow are not being connected 
to the rehabilitated sewers, and as long as all replacements or newly 
constructed sewers are located in the same proximity (same general 
horizontal and vertical alignment) as the existing sewers. H any of the 
criteria in this Paragraph are not being adhered to, a site specific permit 
must be requested by the applicant Additionally, once the maintenance 
or rehabilitation activities are completed, a North Carolina Professional 
Engineer's certification (form provided by the Division) must be sub
mitted to the appropriate Regional Supervisor for the completed woJX. 


(b) The Director however may on a case by case basis determine 
that a facility should not be deemed to be permitted in accordance with 
this Rule and be required to obtain individual nondischarge permits. 
This determination will be made based on existing or projected environ
mental impacts. 


(c) All existing, new or expanding animal waste management sys
tems serving equal to or greater than the number of animals as listed 
in Part (aXl)(A) of this Rule must submit a registration form for the 
system to DEM. Failure to register on or before December 31, 1993, 
shall result in an appropriate enforcement action being initiated or the 
facility being required to apply for and receive an individual nondis
charge permit. Penalties assessed may be based on anyone or a com
bination of the factors as established in O.S. 143B-282.1(b) and com
mensurate with actual or potential environmental damage. 


(d) Failure to obtain approval of a management plan as required by 
the dates specified in Paragraph (a)(I) of this Rule or failure to follow 
an approved animal waste management plan shall result in appropriate 
enforcement actions being initiated or the facility being required to 
apply for and receive an individual nondischarge permit. Penalties 
assessed may be based on anyone or a combination of the factors as 
established in O.S. 143B-282.1(b) and commensurate with actual or 
potential environmental damage. 


(e) The Secretary of Fnvironment, Health, and Natural Resources 
is delegated the authority to assess fmes and penalties for the willful 
discharge of animal waste from animal or poUltry feeding operations 
pursuant to N.C. General Statutes 143-215(e). 


(f) Nothing in this Rule shall be deemed to allow the violation of 
any assigned surface water, groundwater, or air quality standards, and 
in addition any such violation shall be considered a violation of a condi
tion of a permit. Further, nothing in this Rule shall be deemed to apply 
to or permit activities for which a statelNPDES permit is otherwise 
required The term NPDES means National Pollutant Discharge Elimi
nation System. 


HIsTORY NatE 
Statutory Authority O.S. 130A-300; 1~21S.1(a)(1); 143-21S.3(a),(d); 
Eff. February I, 1976; 
Amended Elf. February I, 1993; December I, 1984. 


.0218 LOCAL PROGRAMS FOR SEWER SYSTEMS 
(a) Jurisdiction. Municipalities, counties, local boards or commis


sions, water and sewer authorities, or groups of municipalities and 
counties may apply to the Commission for approval of programs fo; 
permitting construction, modification, and operatioo of public and pri
vate sewer systems in their utility service areas. Permits issued by 
approved local programs serve in place of permits issued by the Divi
sion. 


(b) Applications. Applications for approval of local sewer system 
programs must provide adequate information to assure compliance with 
the requirements of a.s. 143-215.1(f) and the following requirements: 


(1) Applications for local sewer system programs shall be submitted 
to the Director,·Division of Environmental Management, Department 
of Environment, Health, and Natural Resources, P. O. Box 29535, 
Raleigh, North Carolina, 27626-0535. 


(2) The program application shall include copies of permit applica
tion forms, permit forms, minimum design criteria, and other relevant 
documents to be used in administering the local program. 


(3) An attorney representing the local unit of government submitting 
the application must certify that the local authorities for processing per
mit applications, setting permit requirements, enforcement, and penal
ties are compatible with those for permits issued by the Division. 


(4) H the treatment and disposal system receiving the waste is under 
the jurisdiction of another local unit of government, then the progfam 
application must contain a written statement from that local unit of gov
ernment that the proposed program complies with all its requirements 
and that the applicant has entered into a satisfactory contract which 
assures continued compliance. 


(5) Any future amendments to the requirements of this Section shall 
be incorporated into the local sewer system program within 60 days 
of the effective date of the amendments. 


(6) A professional engineer licensed to practice in this state shall be 
on the staff of the local sewer system program or retained as a consultant 
to review unusual situations or designs and to answer questions that 
arise in the review of proposed projects. 


(1) Each project permitted by the local sewer system program shall 
be inspected for compliance with the requirements of the local program 
at least once during construction. 


(8) A copy of each permit issued by the local sewer system program 
shall be sent to the regional office of the Division and another copy 
sent to the central office of the Division in Raleigh. Copies of the 
approved plans must also be submitted upon request by the Division. 


(9) A semi-annually report shall be submitted to the Director with 
a copy to the appropriate DEM Regional Office, listing for each local 
permit issued during the quarter the name of the person receiving the 
permit, the permit number, the treatment facility receiving the waste, 
and the design flow and the type of waste for sewer system extensions 
or changes. The report shall also provide a listing and summary of 
all enforcement actions taken or pending during the quarter. The quar
ters begin on January 1, April 1, July I, and October I, andthe report 
shall be submitted within 30 days after the end of each period. 


(c) Approval of Local Programs. The staff of the division shall 
acknowledge in writing receipt of an application for a local sewer sys
tem program, review the application, notify the applicant of additional 
information that may be required, and make a recommendation to the 
Commission on the acceptability of the proposed local program. Final 
action on the proposed local program shall be made by the Commission 
within 180 days of receiving a complete application. 


(d) Adequacy of Receiving Facilities. Local sewer system programs 
shall not issue a permit for a sewer project which would increase the 
flow or change the characteristics of waste to a treatment woIts or 
sewer system unless the local program has received a written deter
mination from the Division that, pursuant to O.S. 143-215.67(a), the 
treatment wodes or sewer system is adequate to receive the waste. The 
Division staff may, when appropriate, provide one written determina
tion that covers all local permits for domestic sewage sewer projects 
with total increased flow to a particular treatment works less than a 
specified amount and which are issued within a specified period of time 
not to exceed 60 days. In no case shall the local sewer system program 
issue a permit for additional wastewater if the receiving wastewater 
treatment is in noncompliance with its Division issued permit unless 
the additional flow is allowed as part of a special order or judicial order. 
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SUBCHAPTER6F-PROCEDURESAND 
GUIDELINES TO IMPLEMENT THE 


NONDISCHARGE RULE FOR ANIMAL 
WASTE MANAGEMENT SYSTEMS 


.0001 PURPOSE 


This Subchapter describes rules to implement the provisions of 15A 
NCAC 2H .0200 - Waste Not Discharged To Surface Waters, hereinaf
ter called the Nondischarge Rule for Animal Waste Management Sys
tems. In agreement with the Environmental Management Commission 
(EMC) and the Division of Environmental Management (DEM), the 
Soil and Water Conservation Commission sets forth these Rules in 
accordance with 15A NCAC 2H .0217. Alternatively, and in lieu of 
these Rules, the requirements of 15A NCAC 2H .0200 maybe satisfied 
also by receiving an individual nondischarge permit from the Division 
of Environmental Management in accordance with 15A NCAC 2H 
.0217(d). An owner must either obtain certification under these Rules 
or meet DEM requirements for an individual nondischarge permit. The 
review process of the District does not abrogate the responsibilities of 
the owner to either obtain a certification or to meet DEM requirements 
for an individual nondischarge permit. 


HrsroRY Nom 


HIed as a Temporary Adoption Eff. December 9, 1993 for a Period of 180 Days or 
Until the Pennanent Rule Becomes Effective, Whichever is Sooner, 
Statutory Authority O.S. 139-2; 139-4; 143B-294; 
Eff. March I, 1994. 


.0002 DEFINITIONS 


The terms used in this Subchapter shall be as defmed in G.S. 139-3; 
143-215.74; 1438-294; 15A NCAC 2H .0203; 15A NCAC 6E .0002; 
and as follows: 


(1) "Agronomic rates" means those amounts of animal waste or com
post to be applied to lands as contained in the nutrient management 
standanl of the USDA Soil Conserva,tioo Service Technical Guide Sec
tion IV or as recommended by the North Carolina Department of Agri
culture and the North Carolina Cooperative Extension Service at the 
time of certification of the animal waste management plan. 


(2) "Certification" means the certificatioo required in the Nondis
charge Rule for Animal Waste Management Systems (l5A NCAC 2H 
.0217). 


(3) "DEM" means the Division of Environmental Management, 
Department of Environment, Health, and Natural Resources, and the 
agency to receive the certification forms and responsible for enforce
ment of 15A NCAC 2H .0200. 


(4) "Design approval authority" means that authority granted by the 
Commission to designated individuals or groups of individuals to cer
tify that a BMP or the system of BMPs for waste management has been 
designed to meet the standards and specifications of practices adopted 
by the Commission. 


(5) "Installation approval authority" means that authority granted by 
the Commission to designated individuals or groups of individuals to 


certify a BMP or system of BMPs for waste management has been 
installed to meet the standard of practices adopted by the Commission. 


(6) "Technical Specialist" means individuals or groups of individu
als designated by the Commission at 15A NCAC 6F .0005 to certify 
an entire or portion of an animal waste management plan. 


HISTORyNOTB 


HIed as a Temporary Adoption Eff. December 9, 1993 for a Period of 180 Days cr 
Until the Pennanent Rule Becomes Effective, Whichever is Sooner; 
Statutory Authority O.S. 139-4; 143-215.74; 143B-294; 
Eff. March I, 1994 . 


• 0003 REQUIREMENTS FOR CER"rlFICATION OF 
WASTE MANAGEMENT PLANS 


(a) In accordance with 15A NCAC 2H .0217(a)(1), owners of animal 
waste management systems are required to: 


(1) obtain certification that the system will properly collect, treat, 
store, or apply animal waste to the land such that no discharge of pollut
ants occurs to surface waters of the state by any means except as a result 
of a storm event more severe than the 25-year, 24-hour stonn as 
required in 15A NCAC 2H .0203(3); or 


(2) receive an individual nondischarge permit from the Division of 
Environmental Management in accordance with 15A NCAC 2H 
.0217(d). 


(b) The certification is to be made by a Technical Specialist desig
nated pursuant to this Subchapter, and will confum that the best man
agement practices (BMPs) contained in the animal waste management 
plan meet applicable minimum standards and specifications. BMPs 
in an existing system are not required to meet current standards and 
specifications as established by the Commission as long as the system 
is certified to benondischarging as required in 15A NCAC2H .0203(3). 


(c) More than one Technical Specialist may be consulted for the 
design of BMPs and installation of BMPs. A Technical Specialist must 
certify the entire animal waste management plan as installed. 


(d) Upon receiving a certification from a Technical Specialist, the 
owner must submit a copy of the certification to DEM and a copy of 
both the certification and the waste management plan to the District 
in which the system is or is to be located. 


(e) The District shall review the waste management plan and, within 
30 days of receipt of the plan, notify the owner, the certifying Technical 
Specialist, DEM and the Division if the District does not concur that 
the certification was signed by an approved Technical Specialist and 
that the waste management plan satisfies the purpose of proper CCll


servation and utilization of fann generated animal by-products. If the 
District, upon review, concurs with the certification, no further action 
is required. 


(f) The District shall maintain a copy of all animal waste manage
ment plans and the accompanying certification foan. 


(g) If the District does not concur that the certification was signed 
by a Technical Specialist, or that the waste management plan is accept
able, and if either the owner or the DEM requests that the District recon
sider its decision, the District shall review its decision and within 45 
days of the request, notify the owner, the certifying Technical Special
ist, OEM, and the Division of the District's fmal decision. The District 
is encouraged to utilize other technical specialists, local agricultural 
agencies and disinterested agricultural producers in reconsidering its 
initial decision. If the District fails to act within 45 days on a request 
for recoosideration, the District's initial decision shall become fmal. 


(h) An owner not receiving concurrence from the District may 
request that the Commission mediate a dispute over concurrence. Noth
ing in this Rule creates an administrative remedy which must be 
exhausted prior to exercising permit appeal rights pursuant to the rules 
of the Environmental Management Commission. 


(i) An owner who does not obtain a certification is not deemed per
mitted pursuant to G.S. 143-215.1 (d) and must apply for an individual' 
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pennit from the Division of Environmental Management. Nothing in 
these Rules prohibits pennit appeal rights pursuant to the rules of the 
Environmental Management Commission. 


(j) Any proposed modification of an animal waste management plan 
requires approval by a Technical Specialist. 


(k) Any modifications made in the system as a result of changes in 
the operation such as types and numbers of animals, equipment, or 
crops, must be in accordance with the BMP standards and specifications 
approved by the Commission and in effect at the time of the modifica
tion. 


(1) A change in the cropping pattern as a result of weather-caused 
delays after application of animal waste shall not require the owner 
to obtain a new certification as long as the owner followed the certified 
waste management plan application rates and no discharge occurs to 
surface waters. 


'(m) The certifying Technical Specialist and the District are not 
required to spot check or otherwise assure proper maintenance and 
operation of an animal waste management system installed to meet the 
DEM certification requirements. Enforcement of the Nondischarge 
Rule for Animal Waste Management Systems (l5A NCAC 2H 
.0217) shall remain the responsibility of DEM. 


HIsTORyNam 
FJ1ed as a Tempaary Adoption 00. Decembec 9, 1993 for a Period of ISO Days or 
Until the Penrument Rule Becomes Effective, Whichever is Sooner, 
Statutory Authority a.s. 139-4; 143-215.74; 143B-294; 
Eff. March 1, 1994. 


.0004 APPROVED BEST MANAGEMENT 
PRACTICES (BMPs) 


(a) The Commission will approve a list of BMPs that are acceptable 
as part of an approved animal waste management system. The list of 
BMPs will be approved annually (by August 1) and revised as needed 
during the year by the Commission. 


(b) As required by DEM in 15A NCAC 2H .0217, a BMP or system 
of BMPs designed and installed for an animal waste management plan 
must either: 


(1) meet the minimum standards and specifications of the US Depart
ment of Agriculture Soil Conservation Service Technical Guide, Sec
tion N or minimum standards and specifications as otherwise deter
mined by the Commission; or 


(2) the owner must receive an approved individual nondischarge per
mit as required for the animal waste management system. 


(c) BMPs approved for Use in the Agriculture Cost Share Program 
for Nonpoint Source Pollution Control are hereby approved for these 
ptJIpOses. 


(d) Land application BMPs following the nutrient management stan
dard contained in the Section IV of the SCS Technical Guide or as rec
ommended by the North Carolina Department of Agriculture (Soil Test 
Report and Waste Analysis, Form AD 10) and the Cooperative Exten
sion Service (AG-439-4) (AG-439-5) (AG-439-28) are acceptable. 
In cases where agronomic rates are not specified in the nutrient manage
ment standard for a specific crop or vegetative type, application rates 
may be detennined using the best judgement of the certifying Technical 
Specialist after consultation with NCDA or CES. 


(e) Exemptions from the minimum buffer requirements for animal 
waste storage and treatment facilities and animal coocentration areas 


'" 


are acceptable if no practical alternative exists and the BMP installed 
as an equivalent control meets the requirements for Nondischarge 
except as a result of a storm event more severe than the 2S-year, 
24-hour storm. 


HIsTORY Nom 
Filed as a Temporary AdoptionEff. Decembec 9,1993 for a Period of ISO Days or 
Until the Permanent Rule Becomes Effective, Whichever is Sooner; 
SlAlutory Aulhocity a.s. 139-4; 143-215.74; 143B-294; 
Eff. March 1, 1994. 


.0005 TECHNICAL SPECIALIST DESIGNATION 
(a) As required in 15A NCAC 2H .0217, the Commission designates 


the following individuals or groups of individuals as Technical Special
ists, to assist owners in animal waste management plan development 
and certification. No rights are afforded to Technical Specialists by 
this designation. Technical Specialists are dermed as: 


(1) Individuals who have been assigned design approval authority 
or installation approval authority by the USDA; Soil ConselVation Ser
vice, the NC Cooperative Extension Service or the NC Department of 
Agriculture; 


(2) Professional engineers subject to "The North Carolina Engineer
ing and Land Surveying Act" as rewritten by Session Laws 1975, c. 
681, s. 1, and recodified; and 


(3) Individuals with demonstrated skill and experience in the design 
or installation of animal waste management system BMPs. 


(b) Design approval authority or installation approval authority of 
Technical Specialists may be for specific BMPs or a system of BMPs 
to be applied to complete an entire or a portion of an animal waste man
agement plan. 


(c) Those individuals not designated in Subparagraphs (a)(1) or 
(2) of this Rule must 


(1) Meet the minimum qualifications established by the Commission 
for each BMP or system of BMPs; 


(2) Provide to the NPS Section of the Division an "Application for 
Designation as a Technical Specialist" and evidence of demonstrated 
skill and experience required for a BMP or system of BMPs for which 
they are requesting Technical Specialist designation. This documenta-


... tion must be received by the secood Wednesday of the fust month of 
the quarter in order to have the application reviewed for designation 
that quarter, and 


(3) The individual may provide additional information and request 
that their approval authority be updated based on new evidence of skill 
and experience. 


(d) A copy of the minimum requirements for skill and experience 
will be available at the District field office. The NPS Section of the 
Division will provide a list of designated Technical Specialists to all 
Districts, after each Commission meeting where action was taken con
cerning Technical Specialists. The list will specify the BMPs or system 
of BMPs which the Technical Specialist has designed or installed. The 
individual will be notified of the Commission action. 


HIsroRyNom 


Filed as a Temporary Adoption 00. Dc=mbec9, 1993 for a Period of ISO Days or 
Until the Permanent RnJe Becomes Effective, Whichever is Sooner, 
Slatutay Authocity a.s. 139-4; 143-215.74; 143B-294; 
Eff. March 1, 1994. 
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APPENDIX F 


Procedure for Adopting 
Animal Waste Standards in North Carolina 


The failure of seven animal waste structures in eastern North Carolina, during heavy rains in 
the summer of 1995 and the ensuing public response, prompted the NRCS to examine the 
standards from which many of these structures were built. Because the state of North Carolina 
used the NRCS standards for compliance with the state's Agricultural Cost-Share Program and 
the state's .0200 animal waste regulatory law, all future animal waste structures in the state 
would conform to NRCS standards. NRCS recognized the need to provide a diverse spectrum 
of opinions to be heard in the formulation process. 


Step One 
The creation of State Technical Committees, in all states, was directed by the Secretary of 
Agriculture under authority provided in the 1990 Farm BilL The question of examining North 
Carolina's animal waste standards was brought before this body in November, 1995. 


The State Technical Committee created subcommittees to examine the structural aspect, the 
waste utilization aspect, and policy changes that might be needed. In order to provide a 
diverse opinion the membership on these subcommittees was expanded to include almost 40 
people representing university research, agriculture and the animal waste industry, 
environmental organizations, state regulatory agencies, and natural resource conservation 
partners. 


Step Two 
The NRCS conducted engineering investigations and developed final reports for all the failed 
structures the agency assisted in designing. In the case of the Oceanview Farm accident, a 
team consisting of both state and regional engineers investigated the structure. A National 
Engineering Consequence Team with specialist from across the country was created to look at 
NRCS animal waste responsibilities nationally. The first state they visited was North Carolina. 
In all of these investigations the standards were examined. 


Step Three 
The subcommittees met many times over the next four months. In the subcommittees 
deliberations many sources of information were considered. Both the NRCS investigations 
and the findings of the National Engineering Consequence Team were considered. So were 
the findings of two independent engineering firms hired by the swine industry to examine 
NRCS standards. The findings of NC State University and those from the DEM's inventory of 
all the state's animal waste lagoons also provided the subcommittees with new information. 


Step Four 
In March, 1996, the subcommittees submitted their draft recommendations to the state 
conservationist. The subcommittees' recommendations were then presented to the Governor's 
Blue Ribbon Commission on Animal Waste. In addition, separate meetings were set up with 







the leaders of the livestock production industry and the environmental organizations. The 
NCDA and the NCDEHNR leadership were also updated on the proposed changes. 


Step Five 
Draft standards were then developed using the recommendations of the subcommittees and 
the feedback from the targeted interest groups. The draft standards were then sent to a 
broader representation of the various interests involved. The draft standards were also sent to 
the regional engineering team and the national office for their information. At the same time 
the NRCS in North Carolina polled the neighboring states to see how the new standards 
conformed with other states. 


Step Six 
Final standards were developed in late April with plans to put them in effect June 1, 1996. The 
NC Soil & Water Conservation Commission will decide on May 1, 1996 if these new standards 
should be adopted for.0200 regulations. 







CHANGES IN WASTE TREATMENT LAGOON STANDARD 
CODE 359 


1. Additional 25-year, 24-hour storm for periods of excessive (heavy) 
rains. - Applies only to lagoons that do not have an outside drainage 
area. 


2. Five years of sludge storage required. Current standard only 
recommends sludge storage. 


3. Excess fresh water as recommended by NCSU. 


There will be some increase in the size of a typical lagoon: 


• Feeder to finish - 35-40% 


• Farrow to feed - 250/0 


These increase sizes are due to sludge, "heavy.rainfall" and excess 
fresh water 


4. All embankments will have 3:1 side slopes. Current standard 
requires a combination (back and front) of 5:1 with no slope steeper 
than 2:1. 


5. Odor control measures: 


• Pipes must discharge below the surface 


• Recycle and irrigation pumps in aerobic layer 


• Precharge lagoons with half the treatment volume 


6. Inspection/testing required for clay liners 


7. Emergency Action Plan required 


8. Irrigation design/plan required as part of Waste Utilization Plan 


9. Requires soil investigation at embankment site. Depth equal to 
height of embankment 


10. Requires that observation trench be dug the entire length of 
embankment on site where tile drains may be present. 


11. Lagoons without an outside drainage area do not need emergency 
spillways until they reach 1 million cu. ft. of waste treatment 
volume. 


12. Changes mandated by .0200 Regulations and Senate Bill 1080. 







WASTE HOLDING PONDS (PRIMARILY FOR DAIRIES) 425 


1. No major changes except things mandated by the .0200 regulations 
and Senate Bill lOBO 


2. Emergency Action Plan 
3. Inspection/testing required for clay liners 
4. Requires soil investigation at embankment site. Depth equal to height 


of embankment. 
5. Requires that observation trench be dug the entire length of 


embankment on site where tile drains may be present. 


WASTE UTILIZATION STANDARD 633 


1. Rate of nitrogen for grazed grass will be 50% of that used for hay. 
Current standard is 25% reduction. 


2. Requires notarized agreement for using land for animal waste 
application that is not owned by the -producer of the animal waste. 
This can be a one-year agreem'ent. 


Current Standard - Requires written agreement for life of facility. 


3. Setbacks required per .0200 and Senate Bill lOBO. 25 feet or 50 feet 
from perennial streams. 


4. Requires soil test every 2 years, liquid waste analysis twice a year, 
and dry waste analysis before application. 


5. Requires that records be kept 5 years. 


6. Emergency Action Plan required. 


7. Highly visible markers for start and stop pumping. 


B. Requires that animal waste be applied to land that is eroding at less 
than 5 tons per acre per year. Allows ~pplication if erosion is 
between 5-10 tons per acre annually providing that filter strips are 
used. 


Current Standard states less than 5 tons per acre annually or may be 
applied on land that has an acceptable Alternative Cropping System 
if the land has filter strips in addition to the buffer required by 
DEM. 


New standard is more understandable. 


9. Added table on Soil Values Indicating Potential Phytotoxic Problems 
of Zinc and Copper per NCDA. 







NUTRIENT lVIANAGEMENT 590 


1. Adds forest as suitable area for waste application 


FILTER STRIP - 393 


1. Increase width from 15 to 25 feet in cropland where rows are 
perpendicular to stream and 5 to 15 feet where rows are parallel to 
stream. 


2. Deleted filter strip for treating runoff from paved lots and milking 
parlors, because DEM will not accept these for .0200 certification. 
DEM considers these as point discharges. 


3. Added 100-foot filter strip to address lounging areas that are normally 
void of vegetation in the winter months. 











APPENDIXG 


SAMPLE GENERAL PERMITS FOR ANIMAL WASTE MANAGEMENT SYSTEMS 
(Swine, Cattle, Poultry) 











State of North Carolina 
Department of Environment, 
Health and Natura.l Resources 
Division of Environmental Management 


James B. Hunt, Jr., Governor 
Jonathan B. Howes, Secretary 
A. Preston Howard, Jr., P.E., Director 


(Name & Address of Applicant) 


Dear (Farm Owner); 


(Date) 


Subject: Certificate of Coverage No. AW(COC #) 
(Name of Farm) 
Swine Waste Operation 
Land Application of Animal Wastes 
(County Name) County 


In accordance with your application received on (date), we are forwarding herewith Certificate of 
Coverage (COC) No. A W(Permit No.), dated (date) to (applicant's name) for the operation of an 
animal waste management system in accordance with the State's General Permit. This approval shall 
consist of the . land application of animal waste from the (name of farm) Farm with an animal capacity of no 
greater than (number and type of animal raised at these operations) and is approved for' 
application to approximately (number of acres) acres of land in (county name) County with no 
discharge of wastes to the surface waters, and in conformity with the facility's Certified Animal Waste 
Management Plan. 


The COC shall be effective from the date of issuance until (expiration date) and shall be subject 
to the conditions and limitations as specified in the General Permit, the Certified Animal Waste 
Management Plan, and this COc. An adequate system for collecting and maintaining the required 
monitoring data and operational information must be established in order to avoid future compliance 
problems. Any increase in flow or increase in number of stocked animals above the number authorized by 
this COC will require a modification to the certified animal waste management plan and COC and shall be 
completed prior to actual increase in either flow or number of animals. 


This COC shall be voided: 
1. if the animal waste applications is not properly managed in accordance with the 


conditions of the general permit, the Certified Animal Waste Management Plan, and 
in the manner approved by the Division; or 


2. if the soils fail to adequately assimilate the wastes and if the sites are not maintained 
and operated in a manner which will protect the assigned water quality standards of 
the surface waters and ground waters; or 


3. (Delete this condition if the Permittee owns all application sites)unless 
the agreements between the Permittee and the landownersllessees are in full force 
and effect. A copy of these agreements shall be maintained on site with a copy of 
this COC and the general permit. A copy of the agreement should be provided to 
the landowners. 


The Permittee shall employ a certified animal waste application/residuals operator to be in 
responsible charge (ORC) of the animal waste application program. No waste shall be land applied after 
January 1, 1997, unless supervised by the ORC. 


P.O. Box 29535. Raleigh. North Carolina 27626-0535 Telephone 919-733-7015 FAX 919-733-2496 
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The Permittee, at least six (6) months prior to the expiration of this COC, shall request its 
extension. Upon receipt of the request, the Commission will review the adequacy of the facilities 
described therein, and if warranted, will extend the permit for such period of time and under such 
conditions and limitations as it may deem appropriate. 


This COC is not automatically transferable. A formal request must be submitted to the DEM prior 
to a name change or change in ownership. 


If any parts, requirements, or limitations contained in this COC are unacceptable, you have the 
right to apply for an individual non-discharge permit by contacting the engineer listed below for 
information on this process. Unless such a request is made within 30 days, this COC shall be final and 
binding. 


If you need additional information concerning this matter, please contact (engineer's name) at 
(919) 733-5083 ext. (ext. number). 


Sincerely, 


A. Preston Howard, Jr., P.E. 


cc: (County name) County Health Department 
(DEM Regional Office for farm's county) Regional Office, Water Quality Section 
(DEM Regional Office for farm's county) Regional Office, Groundwater Section 
Groundwater Section, Central Office 
Training and Certification Unit 
(Comity name) County Soil and Water District 
Division of Soil and Water 
Facilities Assessment Unit 
(County Name) County Natural Resource Conservation Service 
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ENVIRONMENTAL MANAGEMENT COlVIMISSION 
DEPARTMENT OF ENVIRONMENT, HEALTH AND NATURAL RESOURCES 


SWINE WASTE OPERATION GENERAL PERMIT 


This permit shall be effective from the date of issuance until (date) and shall be subject to the 
following specified conditions and limitations: 


I. PERFORMANCE STANDARDS 


1. The animal waste application program shall be effectively maintained and operated as a 
non-discharge system to prevent the discharge of wastes to surface waters, wetlands, or 
surface water drainage systems (except for storm events exceeding the 25 year, 24 hour 
storm or the 3~-day chronic rainfall event as defined by NRCS design standards). 


2. The Certified Animal Waste Management Plan shall be considered a part of this general 
permit. Any violation of the Plan shall be considered a violation of this general permit and 
subject to appropriate enforcement actions. Such a violation may require the Permittee to 
cease applying animal waste to the sites and take any immediate corrective actions as may 
be required by the Division of Environmental Management (DEM). 


3. For land application sites included in a plan certified prior to October 1, 1995, a vegetative 
buffer of 25 feet from the banks of perennial waters and intermittent streams must be 
maintained for existing facilities. For sites included in a plan certified after October 1, 
1995, a vegetative buffer of 50 feet shall be maintained for existing facilities. 


4. For new and expanding animal waste management systems, a vegetative buffer of 100 feet 
from the banks of perennial waters must be maintained from the following areas: 


a. Lounging areas or animal concentration areas; 


b. Waste management structures such as lagoons or ponds; 


5 . A copy of this permit and the Certified Animal Waste Management Plan shall be maintained 
at the farm where animal waste management activities are being conducted for the life of 
this permit. . 


II. OPERATION AND MAINTENANCE REQUIREMENTS 


1 . The treatment and storage facilities and application sites shall be properly maintained and 
operated at all times. 


2. A suitable vegetative cover shall be maintained in accordance with the Certified Animal 
Waste Management Plan. 


3. An acceptable pH of the soil shall be maintained on all land application sites to insure 
optimum yield for the crop(s) being grown. 
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4. The Plant Available Nitrogen application rates identified in the Certified Animal Waste 
Management Plan shall not be exceeded. When two crops are planted on the application 
site in the same year, a second application of the waste will be limited and must account for 
the carryover nitrogen from the first crop. 


S. Application of animal waste onto land which is used to grow crops for direct human 
consumption (e.g., strawberries, melons, lettuce, cabbage, apples, etc ... ) shall not occur 
within 30 days prior to the planting of the crop or in the case of fruit bearing trees, 30 days 
prior to breaking dormancy. For feed, fiber and food crops that undergo further 
processing, application of animal wastes shall not occur within 30 days of harvesting. If 
waste is to be applied on soil where no cover crop is established, the waste shall be 
incorporated into the soil within twenty-four (24) hours after application on the land. 


6. Domestic and/or industrial wastewater from showers, toilets, sinks, etc. shall not be 
discharged into the animal waste management system. Washdown of stock trailers will be 
permissible as long as system design accommodates the additional flow and as long as 
readily biodegradable detergents and disinfectants are utilized. 


7. Disposal of dead animals shall be done in accordance with the North Carolina Department 
of Agriculture (NCDA) regulations. ' 


8. Grazing animals on an application site shall be accomplished in accordance with Natural 
Resources Conservation Service (NRCS) standards and the grazing shall be controlled. 


9. No vehicular traffic or equipment shall be allowed on the waste disposal area except during 
installation or while normal planting, harvesting, irrigation, or maintenance is being 
performed. 


10. All stormwater runoff from the surrounding property and buildings shall be diverted away 
from the animal waste lagoon to prevent any unnecessary addition to the liquid volume in 
the lagoon. 


11. A protective vegetative cover will be established on all disturbed areas (lagoon 
embankments, berms, pipe runs, etc.) Vegetation such as trees, shrubs, and other woody 
species shall not occur on the lagoon dikes or sideslopes. Lagoon areas should be kept 
mowed and accessible. Lagoon berms and structures should be inspected regularly for 
evidence of erosion, leakage, animal damage or discharge and shall be repaired and 
certified as necessary. No grazing shall occur on the lagoons or dikes. 


12. When removal of sludge from the lagoon is necessary, provisions must be taken to prevent· 
damage to lagoon dikes and liners. 


13. Solid materials such as bottles, light bulbs, gloves, syringes or any other solid waste from 
the animal waste operation shall be minimized from entering the treatment/storage lagoon 
and should be properly disposed in an approved landfill. 


III. MONITORING AND REPORTING REQUIREMENTS 


1. Waste handling structures, piping, pumps, reels, etc., under the control of the 
owner/operator shall be inspected regularly and a maintenance checklist shall be kept on site 
or readily available. 
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2. Proper records shall be maintained for a minimum of five years by the Permittee on forms 
provided by the DEM and shall be submitted to the DEM upon request. 


3. A representative annual Standard Soil Fertility Analysis, as may be provided by the NCDA, 
shall be conducted of each field receiving anima] waste in the respective calendar year and 
the results maintained on file by the Permittee for a minimum of five years. 


4. An analysis of animal waste from the lagoon, as may be provided by the NCDA, shall be 
conducted initially after permit issuance and thereafter as specified in the Certified Animal 
Waste Management Plan. In no case shall this be less than once per permit tenn. The 
results shall be maintained on file by the Permittee for a minimum of five years. 


5. A lagoon level gauge shall be installed within 30 days of issuance of a certificate of 
coverage under this general permit to monitor lagoon levels. This gauge shall have readily 
visible permanent markings indicating the maximum lagoon levels at which pump-out must 
begin, end of pump-out, and freeboard elevations. Where multiple lagoons are utilized, the 
storage lagoon(s) shall only need a gauge with a visible permanent markings indicating the 
pump-out begin and freeboard elevations. Caution must be taken not to damage the 
integrity of the liner when installing the gauge. 


6. Regional Notification: 


The Permittee shall report by telephone to the appropriate Regional Office (see attached list) 
as soon as possible, but in no case more than 24 hours or on the next working day 
following the occurrence or first knowledge of the occurrence of any of the following: 


a. Any failure of the animal waste treatment and disposal program resulting in a discharge 
to surface waters. 


b. Any time that the facility has gone out of compliance with the conditions of this permit. 
c. Any failure of the animal waste treatment and disposal program that renders the facility 


incapable of adequately treating the animal waste and/or sludge. 
d. Spillage or discharge from a vehicle or piping system transporting animal waste or 


sludge to the application sites which results in, or may result in, a discharge to surface 
waters. 


Persons reporting such occurrences by telephone shall also file a written report in letter 
form within 5 days following first knowledge of the occurrence, if so directed by the 
Regional Office. This report must outline the actions taken or proposed to be taken to 
ensure that the problem does not recur. 


IV. INSPECTIONS 


Any duly authorized officer, employee, or representative of the DEM may, upon 
presentation of credentials and in accordance with appropriate biosecurity measures, enter 
and inspect any property, premises or place on or related to the application site or facility at 
any reasonable time for the purpose of determining compliance with this permit; may 
inspect or copy any records that must be kept under the terms and conditions of this permit; 
and may obtain samples of the wastewater, groundwater, or surface water. 


V. GENERAL CONDITIONS 


1. The issuance of a Certificate of Coverage (COC) under this permit shall not relieve the 
Permittee of the responsibility for damages to surface waters or ground waters resulting 
from the operation of this program. 
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2. Lagoons and other uncovered waste containment structures must not exceed an operating 
level that provides adequate storage to contain a 25 year, 24 hour storm event or the 3D-day 
chronic rainfall event as defined by NRCS design standards. The maximum level of 
lagoon liquid shall not exceed that specified in the Certified Animal Waste Management 
Plan. 


3. The Groundwater Compliance Boundary for the disposal system constructed after 
December 31, 1983, is established at either (1) 250 feet from the waste disposal area, or (2) 
50 feet within the property boundary, whichever is closest to the waste disposal area. An 
exceedance of Groundwater Quality Standards at or beyond the Compliance Boundary is 
subject to immediate remediation action in addition to the penalty provisions applicable 
under the North Carolina General Statutes. 


4. Failure to abide by the conditions and limitations contained in this permit and any COC 
issued under this permit may subject the Permittee to an enforcement action by the DEM in 
accordance with North Carolina General Statutes and may include the requirement to obtain 
an individual animal waste operation permit, the addition of treatment or storage units, or 
the addition of land application sites. 


5. The issuance of a COC under this permit does not preclude the Permittee from complying 
with any and all statutes, rules, regulations, or ordinances which may be imposed by this 
and other government agencies (local, state, and federal) which have jurisdiction. 


6. If animal production at the facility is to be suspended or terminated, the owner is 
responsible for obtaining and implementing a "closure plan" which will eliminate the 
possibility of an illegal discharge, pollution and erosion, or the potential for injury and shall 
include lagoon closure in accordance with NRCS standards in effect when the closure plan 
is developed and implemented. Closure shall also include notifying the DEM so a site visit 
can be conducted. . 


7. The annual administering and compliance fee must be paid by the Permittee within thirty 
(30) days after being billed by the Division. Failure to pay the fee accordingly may cause 
the Division to initiate action to revoke this permit as specified by 15 NCAC 2H .0205 
(c)(4). 


Permit issued this the (date) day of (month), (year). 


NORTH CAROLINA ENVIRONMENTAL MANAGEMENT COMMISSION 


A. Preston Howard, Jr., P.E., Director 
Division of Environmental Management 
By Authority of the Environmental Management Commission 


Animal Waste General Permit Number A WG 100000 
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DIVISION OF ENVIRONMENTAL MANAGEMENT REGIONAL OFFICES 


Asheville Regional WQ Supervisor 
59 Woodfin Place 
AsheviJIe. NC 28801 
(704) 251-6208 
Fax (704) 251-6452 


Avery Macon 
Buncombe Madison 
Burke McDowell 
Caldwell Mitchell 
Cherokee Polk 
Clay Rutherford 
Graham Swain 
Haywood Transylvania 
Henderson Yancy 
Jackson 


Fayetteville Regional WQ Supervisor 
Wachovia Building, Suite 714 
Fayetteville, NC 28301 
(910) 486-1541 
Fax (910) 486-0707 


Anson 
Bladen 
Cumberland 
Harnett 
Hoke 
Montgomery 


Moore 
Robeson 
Richmond 
Sampson 
Scotland 


Winston-Salem Regional WQ Supervisor 
585 Waughtown Street 
Winston-Salem, NC 27107 
(910) 771-4600 
Fax (910) 771-4631 


Alamance Rockingham 
Alleghany Randolph 
Ashe Stokes 
Caswell Surry 
Davidson Watauga 
Davie Wilkes 
Forsyth Yadkin 
Guilford 


Washington Regional WQ Supervisor 
Post Office Box 1507 
Washington. NC 27889 
(919) 946-6481 
Fax (919) 975-3716 


Beaufort Jones 
Bertie Lenoir 
Camden Martin 
Chowan Pamlico 
Craven Pasquotank 
Currituck Perquimans 
Dare Pitt 
Gates Tyrell 
Greene Washington 
Hertford Wayne 
Hyde 


Mooresville Regional WQ Supervisor 
919 North Main Street 
Mooresville. NC 28115 
(704) 663-1699 
Fax (704) 663-6040 


Alexander 
Cabarrus 
Catawba 
Cleveland 
Gaston 
Iredell 


Lincoln 
Mecklenburg 
Rowan 
Stanly 
Union 
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Raleigh Regional WQ Supervisor 
Post Office Box 27687 
Raleigh. NC 27611 
(919) 571-4700 
Fax (919) 571-4718 


Chatham Nash 
Durham Northampton 
Edgecombe Orange 
Franklin Person 
Granville Vance 
Halifax Wake 
Johnston Warren 
Lee Wilson 


Wilmington Region. WQ Supervisor. 
127 Cardinal Drive Extension 
Wilmington. NC 28405-3845 
(910) 395-3900 
Fax (910) 350-2004 


Brunswick 
Carteret 
Columbus 
Duplin 


New Hanover 
Onslow 
Pender 











State of North Carolina 
Department of Environment, 
Health and Natural Resources 
Division of Environmental Management 


James B. Hunt, Jr., Governor 
Jonathan B. Howes, Secretary 
A. Preston Howard, Jr., P.E., Director 


(Name & Address of Applicant) 


Dear (Farm Owner); 


(Date) 


Subject: Certificate of Coverage No. A W(COC #) 
(Name of Farm) 
Cattle Waste Operations 
Land Application of Animal Wastes 
(County Name) County 


In accordance with your application received on (date), we are forwarding herewith Certificate of 
Coverage (COC) No. AW(Permit No.), dated (date) to (applicant's name) for the operation of an 
animal waste management system in accordance with the State's General Permit. This approval shall 
consist of the land application of animal waste from the (name of farm) Farm with an animal capacity of 
no greater than (number and type of anima] raised at these operations) and is approved for 
application to approximately (number of acres) acres of land in (county name) County with no 
discharge of wastes to the surface waters, and in conformity with the facility's Certified Animal Waste 
Management Plan. 


The COC shall be effective from the date of issuance until (expiration date) and shall be subject 
to the conditions and limitations as specified in the General Permit, the Certified Animal Waste 
Management Plan, and this COC. An adequate system for collecting and maintaining the required 
monitoring data and operational information must be established in order to avoid future compliance 
problems. Any increase in flow or increase in number of stocked animals above the number authorized by 
this COC will require a modification to the certified animal waste management plan and CDC and shall be 
completed prior to actual increase in either flow or number of animals. 


This coe shall be -Y\lided: 
1. if the animal waste applications is not properly managed in accordance with the 


conditions of the general permit, the Certified Animal Waste Management Plan, and 
in the manner approved by the Division; or . 


2. if the soils fail to adequately assimilate the wastes and if the sites are not maintained 
and operated in a manner which will protect the assigned water quality standards of 
the surface waters and ground waters; or 


3. (Delete this condition if the Permittee owns all application sites)unless 
the agreements between the Permittee and the landowners/lessees are in full force 
and effect. A copy of these agreements shall be maintained on site with a copy of 
this CDC and the general permit. A copy of the agreement should be provided to 
the landowners. 


The Permittee, at least six (6) months prior to the expiration of this COC, shall request its 
extension. Upon receipt of the request, the Commission will review the adequacy of the facilities 
described therein, and if warranted, will extend the permit for such period of time and under such 
conditions and limitations as it may deem appropriate. 


P.o. Box 29535. Raleigh. North Carolina 27626-0535 Telephone 919-733-7015 FAX 919-733-2496 
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This COC is not automatically transferable. A formal request must be submitted to the DEM prior 
to a name change or change in ownership. 


If any parts, requirements, or limitations contained in this COC are unacceptable, you have the 
right to apply for an individual non-discharge permit by contacting the engineer listed below for 
information on this process. Unless such a request is made within 30 days, this COC shall be final and 
binding. 


If you need additional information concerning this matter, please contqct (engineer's name) at 
(919) 733-5083 ext. (ext. number). 


Sincerely, 


A. Preston Howard, Jr., P.E. 


cc: ( County name) County Health Department 
(DEM Regional Office for farm's county) Regional Office, Water Quality Section 
(DEM Regional Office for farm's county) Regional Office, Groundwater Section 
Groundwater Section, Central Office 
Training and Certification Unit 
(County name) County Soil and Water District 
Division of Soil and Water 
Facilities Assessment Unit 
(County Name) County Natural Resource Conservation Service 
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NORTH CAROLINA 
ENVIRONMENTAL MANAGEMENT COMMISSION 


DEPARTMENT OF ENVIRONMENT, HEALTH AND NATURAL RESOURCES 


CATTLE WASTE OPERATION GENERAL PERMIT 


This permit shall be effective from the date of issuance until (date) and shall be subject to the 
following specified conditions and limitations: 


I. PERFORMANCE STANDARDS , 


1. The animal waste application program shall be effectively maintained and operated as a 
non-discharge system to prevent the discharge of pollutants to surface waters, wetlands, or 
surface water drainage systems (except for storm events exceeding the 25 year, 24 hour 
storm or the 30-day chronic rainfall event as defined by the NRCS design standards). 


2. The Certified Animal Waste Management Plan shall be considered a part of this general 
permit. Any violation of the Plan shall be considered a violation of this general permit and 
subject to appropriate enforcement actions. Such a violation may require the Permittee to 
cease applying animal waste to the sites and take any immediate corrective actions as may 
be required by the Division of Environmental Management (DEM). 


3. For land application sites included in a plan certified prior to October 1, 1995, a vegetative 
buffer of 25 feet from the banks of perennial waters and intermittent streams must be 
maintained for existing facilities. For sites included in a plan certified after October 1, 
1995, a vegetative buffer of 50 feet shall be maintained for existing facilities. 


4. For new and expanding animal waste management systems, a vegetative buffer of 100 feet 
from the banks of perennial waters must be maintained from the following areas: 


a. Lounging areas or animal concentration areas; 


b. Waste management structures such as lagoons or ponds; 


5. A copy of this permit and the Certified Animal Waste Management Plan shall be maintained 
-at the farm where ammal waste management activities are being conduered for the liie uf 


this permit. 


II. OPERATION AND MAINTENANCE REQUIREMENTS 


1. The treatment and storage facilities and application sites shall be properly maintained and 
operated at all times. 


2. A suitable vegetative cover shall be maintained in accordance with the Certified Animal 
Waste Management Plan. 


3. An acceptable pH of the soil shall be maintained on all land application sites to insure 
optimum yield for the crop(s) being grown. 
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4. The Plant Available Nitrogen application rates identified in the Certified Animal Waste 
Management Plan shall not be exceeded. When two crops are planted on the application 
site in the same year, a second application of the waste will be limited and must account for 
the carryover nitrogen from the first crop. 


5. Application of animal waste onto land which is used to grow crops for direct human 
consumption (e.g., strawberries, melons, lettuce, cabbage, apples, etc ... ) shall not occur 
within 30 days prior to the planting of the crop or in the case of fruit bearing trees, 30 days 
prior to breaking dormancy. For feed, fiber and food crops that undergo further 
processing, application of animal wastes shall not occur within 30 days of harvesting. If 
waste is to be applied on soil where no cover crop is established, the waste shall be 
incorporated into the soil within twenty-four (24) hours after application on the land. 


6. Domestic and/or industrial wastewater from showers, toilets, sinks, etc. shall not be 
discharged into the animal waste management system. Washdown of stock trailers will be 
permissible as long as system design accommodates the additional flow and as long as 
readily biodegradable detergents and disinfectants are utilized. 


7. Disposal of dead animals shall be done in accordance with the North Carolina Department 
of Agriculture (NCDA) regulations. 


8. Grazing of animals on an application site shall be accomplished in accordance with Natural 
Resources Conservation Service (NRCS) standards and the grazing shall be controlled. 


9. No vehicular traffic or equipment shall be allowed on the waste disposal area except during 
installation or while normal planting, harvesting, irrigation, or maintenance is being 
performed. 


10. All stormwater runoff from the surrounding property and buildings shall be diverted away 
from the animal waste storage ponds or lagoons whenever possible to prevent any 
unnecessary liquid addition to them. Runoff from lounging areas to the waste storage 
ponds or lagoons may be allowed if approved in the Certified Animal Waste Management 
Plan. 


11. A protective vegetative cover will be established on all disturbed areas (storage ponds, 
lagoons, embankments, berms, pipe runs, emergency spillways, erosion control areas, 
etr,) Vegetation s.uch as trees,'Shmbs, and other v.i oo0:5" "rF.-::.ies c;;h~lI Dot !)ccur..r'lll thp 
dikes or sideslopes of the storage ponds or lagoons. These areas should be kept mowed 
and accessible. Lagoon berms and structures should be inspected regularly for evidence of 
erosion, leakage, animal damage or discharge and shall be repaired and certified as 
necessary. No grazing shall occur on or near the storage ponds, lagoons or dikes. 


12. When removal of sludge from the lagoon is necessary, provisions must be taken to prevent 
damage to lagoon dikes and liners. 


13. Solid materials such as bottles, light bulbs, gloves, syringes or any other solid waste from 
the animal waste operation is prohibited from entering the treatment/storage lagoon and 
should be properly disposed in an approved landfill. 
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III. MONITORING AND REPORTING REOUIREMENTS 


1. Waste handling structures, piping, pumps, reels, etc., under the control of the 
owner/operator shall be inspected regularly and a maintenance checklist shall be kept on site 
or readily available. 


2. Proper records shall be maintained for a minimum of five years by the Permittee on fonns 
provided by the DEM and shall be submitted to the DEM upon request. 


3. A representative annual Standard Soil Feltility Analysis, as may be provided by the NCDA, 
shall be conducted of each field receiving animal waste in the respective calendar year and 
the results maintained on file by the Permittee for a minimum of five years. 


4. An analysis of animal waste from the treatment system, as may be provided by the NCDA, 
shall be conducted initially after permit issuance and thereafter as specified in the Certified 
Animal Waste Management Plan. In no case shall this be less than once per permit term. 
The results shall be maintained on file by the Permittee for a minimum of five years. 


5. A lagoon level gauge shall be installed within 30 days of issuance of a certificate of 
coverage under this general permit to monitor lagoon levels. This gauge shall have readily 
visible permanent markings indicating the maximum lagoon levels at which pump-out must 
begin, end of pump-out, and freeboard elevations. Where mUltiple lagoons are utilized, the 
storage lagoon(s) shall only need a gauge with a visible permanent markings indicating the 
pump-out begin and freeboard elevations. Caution must be taken not to damage the 
integrity of the liner when installing the gauge. 


6. Regional Notification: 


The Permittee shall report by telephone to the appropriate Regional Office (see attached list) 
as soon as possible, but in no case more than 24 hours or on the next working day 
following the occurrence or first knowledge of the occurrence of any of the following: 


a. Any failure of the animal waste treatment and disposal program resulting in a discharge 
to surface waters. 


b. Any time that the facility has gone out of compliance with the conditions of this permit. 
c. Any failure of the anim:ti. waste treatment and disfl!)sal pnJgrarf1 t1v.t ip.nrlf'.r<:; thp: f~~iJity 


incapable of adequately treating the animal waste and/or sludge. 
d. Spillage or discharge from a vehicle or piping system transporting animal waste or 


sludge to the application sites which results in, or may result in, a discharge to surface 
waters. 


Persons reporting such occurrences by telephone shall also file a written report in letter 
form within 5 days following first knowledge of the occurrence, if so directed by the 
Regional Office. This report must outline the actions taken or proposed to be taken to 
ensure that the problem does not recur. 


IV. INSPECTIONS 


Any duly authorized officer, employee, or representative of the DEM may, upon 
presentation of credentials and in accordance with appropriate biosecurity measures, enter 
and inspect any property, premises or place on or related to the application site or facility at 
any reasonable time for the purpose of determining compliance with this permit; may 
inspect or copy any records that must be kept under the terms and conditions of this permit; 
and may obtain samples of the wastewater, groundwater, or surface water. 
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1. The issuance of a Certificate of Coverage (COC) under this permit shall not relieve the 
Permittee of the responsibility for damages to surface waters or ground waters resulting 
from the operation of this program. 


2. Lagoons and other uncovered waste containment structures must not exceed an operating 
level that provides adequate storage to contain a 25 year, 24 hour storm event or the 30-day 
chronic rainfall event as defined by NRCS design standards., The maximum level of 
lagoon liquid shall not exceed that specified in the Certified Animal Waste Management 
Plan. 


3. The Groundwater Compliance Boundary for the disposal system constructed after 
December 31, 1983, is established at either (1) 250 feet from the waste disposal area, or (2) 
50 feet within the property boundary, whichever is closest to the waste disposal area. An 
exceedance of Groundwater Quality Standards at or beyond the Compliance Boundary is 
subject to immediate remediation action in addition to the penalty provisions applicable 
under the North Carolina General Statutes. 


4. Failure to abide by the conditions and limitations contained in this pemlit and any COC 
issued under this permit may subject the Permittee to an enforcement action by the DEM in 
accordance with North Carolina General Statutes and may include the requirement to obtain 
an individual animal waste operation permit, the addition of treatment or storage units, or 
the addition of land application sites. 


5. The issuance of a COC under this permit does not preclude the Permittee from complying 
with any and all statutes, rules, regulations, or ordinances which may be imposed by this 
and other government agencies (local, state, and federal) which have jurisdiction. 


6. If animal production at the facility is to be suspended or terminated, the owner is 
responsible for obtaining and implementing a "closure plan" which will eliminate the 
possibility of an illegal discharge, pollution and erosion, or the potential for injury and shall 
include lagoon closure in accordance with NRCS standards in effect when the closure plan 
is developed and implemented. Closure shall include notifying the DEM so a site visit can 
be conducted. 


7. The annual administering and compliance fee must be paid by the Permittee within thirty 
(30) days antI' being billed by the Dh'ision. F:lilure ~D pay the fet a::'..:':.'rdingly l!lay cause 
the Division to initiate action to revoke this permit as specified by 15 NCAC 2H .0205 
(c)(4). 


Permit issued this the (date) day of (month), (year). 


NORTH CAROLINA ENVIRONMENTAL MANAGEMENT COMMISSION 


A. Preston Howard, Jr., P.E., Director 
Division of Environmental Management 
By Authority of the Environmental Management Commission 


Cattle Waste General Permit Number A WG200000 
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DIVISION OF ENVIRONMENTAL MANAGEMENT REGIONAL OFFICES 


Asheville Regional WQ Supervisor 
59 Woodfin Place 
Asheville, NC 28801 
(704) 251-6208 
Fax (704) 251-6452 


Avery Macon 
Buncombe Madison 
Burke McDowell 
Caldwell Mitchell 
Cherokee Polk 
Clay Rutherford 
Graham Swain 
Haywood Transylvania 
Henderson Yancy 
Jackson 


Fayetteville Regional WQ Supervisor 
WachoviaBuilding, Suite 714 
Fayetteville, NC 28301 
(910) 486-1541 
Fax (910) 486-0707 


Anson 
Bladen 
Cumberland 
Harnett 
Hoke 
Montgomery 


Moore 
Robeson 
Richmond 
Sampson 
Scotland 


Winston-Salem Regional WQ Supervisor 
585 Waughtown Street 
Winston-Salem, NC 27107 
(910) 771-4600 
Fax (910) 771-463] 


Alamance 
Alleghany 
Ashe 
Caswell 
Davidson 
Davie 
Forsyth 
Guilford 


Rockingham 
Randolph 
Stokes 
Surry 
Watauga 
Wilkes 
Yadkin 


Washington Regional WQ Supervisor 
Post Office Box 1507 
Washington, NC 27889 
(919) 946-6481 
Fax (919) 975-3716 


Beaufort Jones 
Bertie Lenoir 
Camden Martin 
Chow an Pamlico 
Craven Pasquotank 
Currituck Perquimans 
Dare Pitt 
Gates Tyrell 
Greene Washington 
Hertford Wayne 
Hyde 


Mooresville Regional WQ Supervisor 
919 North Main Street 
MooresvUle, NC 28115 
(704) 663-1699 
Fax (704) 663-6040 


Alexander Lincoln 
Cabarrus Mecklenburg 
Catawba Rowan 
Cleveland Stanly 
Gaston Union 
Iredell 
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Raleigh Regional WQ Supervisor. 
Post Office Box 27687 
Raleigh, NC 27611 
(919) 571-4700 
Fax (919) 571-4718 


Chatham Nash 
Durham Northampton 
Edgecombe Orange 
Franklin Person 
Granville Vance 
Halifax Wake 
Johnston Warren 
Lee Wilson 


Wilmington Region. WQ Supervisor 
127 Cardinal Drive Extension 
Wilmington, NC 28405-3845 
(910) 395-3900 
Fax (910) 350-2004 


Brunswick New Hanover 
Carteret Onslow 
Columbus Pender 
Duplin 











State of North Carolina 
Department of Environment, 
Health and Natural Resources 
Division of Environmental Management 


James B. Hunt, Jr., Governor 
Jonathan B. Howes, Secretary 
A. Preston Howard, Jr., P.E., Director 


(Name & Address of Applicant) 


Dear (Farm Owner); 


(Date) 


Subject: Certificate of Coverage No. AW(COC #) 
(Name of Farm) 
Poultry Waste Operation 
Land Application of Animal Wastes 
(County Name) County 


In accordance with your application received on (date), we are forwarding herewith Certificate of 
Coverage (COC) No. AW(Permit No.), dated (date) to (applicant's name) for the operation of an 
animal waste management system in accordance with the State's General Permit. This approval shall 
consist of the land application of animal waste from the (name of farm) Farm with an animal capacity of no 
greater than (number and type of animal raised at these operations) and is approved for 
application to approximately (number of acres) acres of land in (county name) County with no 
discharge of wastes to the surface waters, and in conformity with the facility's Certified Animal Waste 
Management Plan. 


The COC shall be effective from the date of issuance until (expiration date) and shall be subject 
to the conditions and limitations as specified in the General Permit, the Certified Animal Waste 
Management Plan, and this COC. An adequate system for collecting and maintaining the required 
monitoring data and operational information must be established in order to avoid future compliance 
problems. Any increase in flow or increase in number of stocked animals above the number authorized by 
this COC will require a modification to the certified animal waste management plan and COC and shall be 
completed prior to actual increase in either flow or number of animals. 


Titi~ coe ~llall at vuiueU. 
1. if the animal waste applications is not properly managed in accordance with the 


conditions of the general permit, the Certified Animal Waste Management Plan, and 
in the manner approved by the Division; or 


2. if the soils fail to adequately assimilate the wastes and if the sites are not maintained 
and operated in a manner which will protect the assigned water quality standards of 
the surface waters and ground waters; or 


3. (Delete this condition if the Permittee owns all application sites)unless 
the agreements between the Permittee and the landowners/lessees are in full force 
and effect. A copy of these agreements shall be maintained on site with a copy of 
this COC and the general permit. A copy of the agreement should be provided to 
the landowners. 


The Permittee shall employ a certified animal waste application/residuals operator to be in 
responsible charge (ORC) of the animal waste application program. No waste shall be land applied after 
January 1,1997, unless supervised by the ORe. 


P.O. Box 29535, Raleigh, North Carolina 27626-0535 
An Equal Opportunity Affirmative Action Employer 


Telephone 919-733-7015 FAX 919-733-2496 
50% recycled/ 10% post-consumer paper 







DRAFT 


The Permittee, at least six (6) months prior to the expiration of this COC, shall request its 
extension. Upon receipt of the request, the Commission will review the adequacy of the facilities 
described therein, and if warranted, will extend the permit for such period of time and under such 
conditions and limitations as it may deem appropriate. 


This COC is not automatically transferable. A formal request must be submitted to the DEM prior 
to a name change or change in ownership. 


If any parts, requirements, or limitations contained in this COC are u~acceptable, yon have the 
right to apply for an individual non-discharge permit by contacting the engineer listed below for 
information on this process. Unless such a request is made within 30 days, this COC shall be final and 
binding. 


If you need additional information concerning this matter, please contact (engineer's name) at 
(919) 733-5083 ext. (ext. number). 


Sincerely, 


A. Preston Howard, Jr., P.E. 


cc: (County name) County Health Department 
(DEM Regional Office for farm's county) Regional Office, Water Quality Section 
(DEM Regional Office for farm's county) Regional Office, Groundwater Section 
Groundwater Section, Central Office 
Training and Certification Unit 
(County name) County Soil and Water District 
Division of Soil and Water 
Facilities Assessment Unit 
(County Name) County Natural Resource Conservation Service 
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NORTH CAROLINA 
ENVIRONMENTAL MANAGEMENT COMMISSION 


DEPARTMENT OF ENVIRONMENT, HEALTH AND NATURAL RESOURCES 


POULTRY WASTE OPERATION GENERAL PERMIT 


This permit shall be effective from the date of issuance until (date) and shall be subject to the 
following specified conditions and limitations: 


I. PERFORMANCE STANDARDS 
f 


1. The animal waste application program shall be effectively maintained and operated as a 
non-discharge system to prevent the discharge of wastes to surface waters, wetlands, or 
surface water drainage systems (except for storm events exceeding the 25 year, 24 hour 
storm or the 3~-day chronic rainfall event as defined by the NRCS design standards). 


2. The Certified Animal Waste Management Plan shall be considered a part of this general 
permit. Any violation of the Plan shall be considered a violation of this general pennit and 
subject to appropriate enforcement actions. Such a violation may require the Permittee to 
cease applying animal waste to the sites and take any immediate corrective actions as may 
be required by the Division of Environmental Management (DEM). 


3. For land application sites included in a plan certified prior to October 1, 1995, a vegetative 
buffer of 25 feet from the banks of perennial waters and intermittent streams must be 
maintained for existing facilities. For sites included in a plan certified after October 1, 
1995, a vegetative buffer of 50 feet shall be maintained for existing facilities. 


4. For new and expanding animal waste management systems, a vegetative buffer of 100 feet 
from the banks of perennial waters must be maintained from the following areas: 


a. Lounging areas or animal concentration areas; 


b. Waste management structures such as lagoons or ponds; 


5. A copy of this permit and the Certified Animal Waste Management Plan. shall be maintained 
at the farm where animal waste managtJIltrll u(;LIviiie:s ULe UC;lllg COUUUl:lcG rUl alt lilt., 0~' 
this permir. 


II. OPERATION AND MAINTENANCE REQUIREMENTS 


1. The treatment and storage facilities and application sites shall be properly maintained and 
operated at all times. . 


2. A suitable vegetative cover shall be maintained in accordance with the Certified Animal 
Waste Management Plan. 


3. An acceptable pH of the soil shall be maintained on all land application sites to insure 
optimum yield for the crop(s) being grown. 
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4. The Plant Available Nitrogen application rates identified in the Certified Animal Waste 
Management Plan shall not be exceeded. When two crops are planted on the application 
site in the same year, a second application of the waste will be limited and must account for 
the carryover nitrogen from the first crop. 


5. Application of animal waste onto land which is used to grow crops for direct human 
consumption (e.g., strawberries, melons, lettuce, cabbage, apples, etc ... ) shall not occur 
within 30 days prior to the planting of the crop or in the case of fJ;llit bearing trees, 30 days 
prior to breaking dormancy. For feed, fiber and food crops that undergo further 
processing, application of animal wastes shall not occur within 30 days of harvesting. If 
waste is to be applied on soil where no cover crop is established, the waste shall be 
incorporated into the soil withln twenty-four (24) hours after application on the land. 


6. Domestic and/or industrial wastewater from showers, toilets, sinks, etc. shall not be 
discharged into the animal waste management system. Washdown of stock trailers will be 
permissible as long as system design accommodates the additional flow and as long as 
readily biodegradable detergents and disinfectants are utilized. 


7. Disposal of dead animals shall be done in accordance with the North Carolina Department 
of Agriculture (NCDA) regulations. 


8. Grazing animals on an application site shall be accomplished in accordance with Natural 
Resources Conservation Service (NRCS) standards and the grazing shall be controlled. . 


9. No vehicular traffic or equipment shall be allowed on the waste disposal area except during 
installation or while normal planting, harvesting, irrigation, or maintenance is being 
performed. 


] O. All stormwater runoff from the surrounding property and buildings shall be; diverted away 
from the animal waste lagoon to prevent any unnecessary addition to the liquid volume in 
the lagoon. 


11. A protective vegetative cover will be established on all disturbed areas' (lagoon 
embankments, berms, pipe runs, etc.) Vegetation such as trees, shrubs, and other woody 
species shall not occur on the lagoon dikes or sideslopes. Lagoon areas should be kept 
mowed and accessible. Lagoon berms and structures should be inspected regularly for 
e.vidence of c;rQ~10n, leakage, animal damage. or di;'Gharg~ (lnn ~h!lJ1 he repaired and 
certified as necessary. No grazing shall occur on or near the lagoons or dikes. 


12. When removal of the sludge from the lagoon is necessary, provisions must be taken to 
prevent damage to lagoon dikes and liners. 


13. Solid materials such as bottles, light bulbs, gloves, syringes or any other solid waste from 
the animal waste operation is prohibited from entering the treatment/storage lagoon and 
should be properly disposed in an approved landfill. 


III. MONITORING AND REPORTING REOUIREMENTS 


1. Waste handling structures, piping, pumps, reels, etc., under the control of the 
owner/operator shall be inspected regularly and a maintenance checklist shall be kept on site 
or readily available. 
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2. Proper records shall be maintained for a minimum of five years by the Permittee on forms 


provided by the DEM and shall be submitted to the DEM upon request. 


3. A representative annual Standard Soil Fertility Analysis, as may be provided by the NCDA, 
shall be conducted of each field receiving animal waste in the respective calendar year and 
the results maintained on file by the Permittee for a minimum of five years. 


4. An analysis of animal waste from the lagoon, as may be provided by the NCDA, shall be 
conducted initially after permit issuance and thereafter as specifie,d in the Certified Animal 
Waste Management Plan. In no case shall this be less than once per permit term. The 
results shall be maintained on file by the Permittee for a minimum of five years. 


5. A lagoon level gauge shall ,be installed within 30 days of issuance of a certificate of 
coverage under this general permit to monitor lagoon levels. This gauge shall have readily 
visible permanent markings indicating the maximum lagoon levels at which pump-out must 
begin, end of pump-out, and freeboard elevations. Where multiple lagoons are utilized, the 
storage lagoon(s) shall only need a gauge with a visible permanent markings indicating the 
pump-out begin and freeboard elevations. Caution must be taken not to damage the 
integrity of the liner when installing the gauge. 


6. Regional Notification: 


The Permittee shall report by telephone to the appropriate Regional Office (see attached list) 
as soon as possible, but in no case more than 24 hours or on the next working day 
following the occurrence or first knowledge of the occurrence of any of the following: 


a. Any failure of the animal waste treatment and disposal program resulting in a discharge 
to surface waters. . 


b. Any time that the facility has gone out of compliance with the conditions of this permit. 
c. Any failure of the animal waste treatment and disposal program that renders the facility 


incapable of adequately treating the animal waste andlor sludge. 
d. Spillage or discharge from a vehicle or piping system transporting animal waste or 


sludge to the application sites which results in, or may result in, a discharge to surface 
waters. 


Persons repOliing such occurrences by telephone shall also file a written report in letter 
form within 5 days following first knowledge of the occurrence, if so directed by the 
Regional Office. This reonrt must outline the actions taken or nronosed to be taken to 
ens'iIre that the problem does not recur. - ~ 


IV. INSPECTIONS 


Any duly authorized officer, employee, or representative of the DEM may, upon 
presentation of credentials and in accordance with appropriate biosecurity measures, enter 
and inspect any property, premises or place on or related to the application site or facility at 
any reasonable time for the purpose of determining compliance with this permit; may 
inspect or copy any records that must be kept under the terms and conditions of this permit; 
and may obtain samples of the wastewater, groundwater, or surface water. 


V. GENERAL CONDITIONS 


1. The issuance of a Certificate of Coverage (COC) under this permit shall not relieve the 
Permittee of the responsibility for damages to surface waters or ground waters resulting 
from the operation of this program. 
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2. Lagoons and other uncovered waste containment structures must not exceed an operating 


level that provides adequate storage to contain a 25 year, 24 hour storm event or the 3D-day 
chronic rainfall event as defined by NRCS design standards. The maximum level of 
lagoon liquid shall not exceed that specified in the Certified Animal Waste Management 
Plan. 


3. The Groundwater Compliance Boundary for the disposal system constructed after 
December 31, 1983, is established at either (1) 250 feet from the waste disposal area, or (2) 
50 feet within the property boundary, whichever is closest to the ~aste disposal area. An 
exceedance of Groundwater Quality Standards at or beyond the Compliance Boundary is 
subject to immediate remediation action in addition to the penalty provisions applicable 
under the North Carolina General Statutes. 


4. Failure to abide by the conditions and limitations contained in this permit and any COC 
issued under this permit may subject the Permittee to an enforcement action by the DEM in 
accordance with North Carolina General Statutes and may include the requirement to obtain 
an individual animal waste operation permit, the addition of treatment or storage units, or 
the addition of land application sites. 


5. The issuance of a COC under this permit does not preclude the Permittee from complying 
with any and all statutes, rules, regulations, or ordinances which may be imposed by this 
and other government agencies (local, state, and federal) which have jurisdiction. 


6. If animal production at the facility is to be suspended or terminated, the owner is 
responsible for obtaining and implementing a "closure plan" which will eliminate the 
possibility of an illegal discharge, pollution and erosion, or the potential for injury and shall 
include lagoon closure in accordance with NRCS standards in effect when the closure plan 
is developed and implemented. Closure shall also include notifying the DEM so a site visit 
can be conducted. 


7. The annual administering and compliance fee must be paid by the Permittee within thirty 
(30) days after being billed by the Division. Failure to pay the fee accordingly may cause 
the Division to initiate action to revoke this permit as specified by 15 NCAC 2H .0205 
(c)(4). 


Permit issued this the (date) day of (month), (year). 


NORTH rAROr ,rNA f,1'JVTRON}'1F.NT/\,L MANAGElv1ENT COMMISSION 


A. Preston Howard, Jr., P.E., Director 
Division of Environmental Management 
By Authority of the Environmental Management Commission 


Poultry Waste General Permit Number AWG300000 
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DIVISION OF ENVIRONMENTAL MANAGEMENT REGIONAL OFFICES 


Asheville Regional WQ Supervisor 
59 Woodfin Place 
Asheville, NC 28801 
(704) 251-6208 
Fax (704) 251-6452 


Avery Macon 
Buncombe Madison 
Burke McDowell 
Caldwell Mitchell 
Cherokee Polk 
Clay Rutherford 
Graham Swain 
Haywood Transylvania 
Henderson Yancy 
Jackson 


Fayetteville Regional WQ Supervisor 
Wachovia Building, Suite 714 
Fayetteville, NC 28301 
(910) 486-1541 
Fax (910) 486-0707 


Anson 
Bladen 
Cumberland 
Harnett 
Hoke 
Montgomery 


Moore 
Robeson 
Richmond 
Sampson 
Scotland 


Winston-Salem Regional WQ Supervisor 
585 Waughtown Street 
Winston-Salem, NC 27107 
(910) 771-4600 
Fax (910) 771-4631 


Alamance 
Alleghany 
Ashe 
Caswell 
Davidson 
Davie 
Forsyth 
Guilford 


Rockingham 
Randolph 
Stokes 
Surry 
Watauga 
Wilkes 
Yadkin 


Washington Regional WQ Supervisor 
Post Office Box 1507 
Washington, NC 27889 
(919) 946-6481 
Fax (919) 975-3716 


Beaufort Jones 
Bertie Lenoir 
Camden Martin 
Chowan P amI ico 
Craven Pasquotank 
Currituck Perquimans 
Dare Pitt 
Gates Tyrell 
Greene Washington 
Hertford Wayne 
Hyde 


Mooresville Regional WQ Supervisor 
919 North Main Street 
Mooresville, NC 28115 
(704) 663-1699 
Fax (704) 663-6040 


Alexander 
Cabarrus 
Catawba 
Cleveland 
Gaston 
Iredell 


Lincoln 
Mecklenburg 
Rowan 
Stanly 
Union 


• 
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Raleigh Regional WQ Supervisor 
Post Office Box 27687 
Raleigh, NC 27611 
(919) 571-47,00 
Fax (919) 571-4718 


Chatham Nash 
Durham Northampton 
Edgecombe Orange 
Franklin Person 
Granville Vance 
Halifax Wake 
Johnston Warren 
Lee Wilson 


Wilmington Region. WQ Supervisor 
127 Cardinal Drive Extension 
Wilmington, NC 28405-3845 
(910) 395-3900 
Fax (910) 350-2004 


Brunswick 
Carteret 
Columbus 
Duplin 


New Hanover 
Onslow 
Pender 
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In recent years, industrial hog facilities have         
replaced small, family-owned hog farms.  Each     
facility houses hundreds to thousands of hogs in a 
limited area.  Hog facilities flush animal waste from 
confinement houses into cesspools.  Once the waste 
starts to decompose, it is sprayed onto nearby land 
as fertilizer.  This can pollute the air, water, and land 
around the hog facility. 


Research shows that neighbors of hog facilities    
report more breathing problems than other rural  
residents.  Most studies focus on the effects of hog 
facilities on adults.  Industrial hog facilities may    
affect children in different ways. 


W H A T  W A S  D O N E  


This study looks at asthma        
symptoms in children ages 12 to 
14 and their exposure to hog      
facility pollution.  Researchers 
looked at information about the 
kids’ health and school               
environments, and the locations of 
hog facilities.  The study included 265 
North Carolina schools and 58,169 students in this study.  Twenty-six percent of 
the students reported wheezing sometimes or difficulty breathing.   
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I S S U E  2  


ADOLESCENT ASTHMA SYMPTOMS 
AND INDUSTRIAL HOG FACILITIES 


W H A T ’ S  G O I N G  O N ?  M A J O R  
F I N D I N G S  


 
Students at schools within 3 
miles of a hog facility reported 
4% more wheezing than those 
at schools at least 3 miles 
from a hog facility. 


At schools near hog facilities: 


• 7% more students reported 
that a doctor told them they 
had asthma 


• 7% more students used 
asthma medication 


• 6% more students visited 
doctors or emergency rooms 
or were hospitalized for 
asthma 


L e a d  I n v e s t i g a t o r :  M a r i a  C .  M i r a b e l l i ,  P h D  


 
V i s i t  o u r  w e b s i t e  f o r  
a d d i t i o n a l  r e s e a r c h  
s u m m a r i e s  a n d    
o t h e r  e d u c a t i o n a l          
m a t e r i a l s .    


Industrial hog facility.  Photo used with permission from 
Institute for Agriculture and Trade Policy (www.iatp.org) 
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E X C H A N G E  P R O J E C T  


At schools where livestock odor could be smelled inside at least twice a month, twenty-three percent more  
students reported wheezing compared to students at schools with no odor.  Wheezing was 4% more  common 
at schools within 3 miles of at least one hog facility than at schools farther from the facilities. 


At schools near hog facilities: 


• 7% more students reported that a doctor told them they had asthma 


• 7% more students used asthma medication 


• 6% more students visited doctors or emergency rooms or were 
hospitalized for asthma 


In general, these effects were greater for students with allergies 
than students without allergies. 


W H A T  W A S  F O U N D  


Mirabelli, M.C., Wing, S., Marshall, S.W., & 
WIlcosky, T.C.  (2006).  Asthma symptoms 
among adolescents attending public 
schools located near confined swine  
feeding operations.  Pediatrics, 118(1): 
e66-75. 


R E F E R E N C E  


       


N C  E n v i r o n m e n t a l  J u s t i c e  N e t w o r k ,  C o n c e r n e d  C i t i z e n s  
o f  T i l l e r y ,  a n d  U N C  S c h o o l  o f  P u b l i c  H e a l t h  s e e k  t o  
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W H A T  I T  M E A N S  
A large number of students at schools near hog facilities reported 
difficulty breathing.  Wheezing and asthma affect the ability of    
students to attend school and take part in social and physical     
activities.  The treatment of asthma can be costly.  Hog facilities 
are more often located in low income and African-American             
communities where children already have more asthma. 


This research highlights the possible harmful health effects of    
industrial hog facilities by showing a link between exposure to hog 
facility pollution and wheezing in students.   


This study included 265 schools in North Carolina 


Industrial hog facility.  Photo used with permission from 
Institute for Agriculture and Trade Policy (www.iatp.org) 








Industrial hog facilities house large numbers of    
livestock.  Hog facilities flush waste into open-air pits 
and spray decaying waste on land.  This can pollute 
local soil, air, and water.  Pollution from these       
facilities affects the health of livestock farm workers 
and hog facility neighbors.   
 


Research shows that neighbors of industrial hog  
facilities report more asthma symptoms, headaches, 
runny noses, sore throats, coughing, diarrhea, and 
burning eyes than people who do not live near hog 
facilities.   


W H A T  W A S  F O U N D  
The distance between schools and the 
closest hog facilities ranged from 0.2 
to 42 miles.  Thirty percent of schools 
included in this study were within 3 
miles of at least one industrial hog facility.   


 
Low-income schools in communities of mostly people of color had industrial 
hog facilities within 3 miles more often than schools in mostly white and 
high-income communities.  As distance from the nearest hog facility         
increased, so did white enrollment and income level of the school. 


W H A T  W A S  D O N E  


Researchers used surveys and public records to describe 226 public schools in 
rural North Carolina.   Public records provided information about student race and     
income levels as well as the locations 
of industrial hog facilities.  A survey 
completed by school staff described 
livestock odor at schools. 


   Industrial hog pens in Wisconsin.                          
Source: CAA (http:\\www.ca4a.org) 
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I S S U E  1  


RACE, POVERTY, AND HOG FACILITIES 
IN NORTH CAROLINA 


W H A T ’ S  G O I N G  O N ?  M A J O R  
F I N D I N G S  


 
 
• Almost 30% of middle schools 


in this study in rural North 
Carolina were located within 
3 miles of a hog facility. 


• Livestock facility odors were 
reported outside about one-
fifth of schools, and inside 
about one-tenth. 


• Low income schools are 
closer to industrial hog      
facilities than are high      
income schools. 


L e a d  I n v e s t i g a t o r :  M a r i a  C .  M i r a b e l l i ,  P h D  
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E X C H A N G E  P R O J E C T  


School employees reported smelling livestock 
odors outdoors at 47 schools (21%).  They could 
smell these odors inside at 19 schools (8%).   
Employees at low-income schools noticed       
livestock smells more often than employees at 
high-income schools. 
 
Hog facilities and livestock odors affect low-
income schools more often than high-income 
schools. Low-income children have higher 
asthma levels. 
 
Livestock odor may disrupt activities when it 
reaches classrooms.  Students and staff members 
may become anxious because they  cannot avoid 
the odor.  Students with a history of breathing problems may have concerns about the effects of the odors. 
 
Livestock odor may make some schools less appealing to new teachers and staff.  Parents and volunteers 
could be less involved because of the odor.  The odors from hog facilities could also decrease the use of 
school facilities for community purposes. 
 
Livestock odor at schools shows that  pollution from hog facilities reaches far beyond the property boundaries 
of the facility. The odor raises concerns about the health risks of hog facilities near schools. 


W H A T  I T  M E A N S  


Mirabelli, M.C., Wing, S., Marshall, S.W., & Wilcosky, 
T.C.  (2006).  Race, poverty, and potential exposure 
of middle-school     students to air emissions from 
confined swine feeding operations.  Environmental 
Health Perspectives, 114(4), 591-596. 


R E F E R E N C E  


More than 200 schools in North Carolina were examined in this study. 


Aerial view of a hog farm in North Carolina  The lagoon on the left holds hog feces & urine.        
Photo source: http://www.factoryfarm.org 
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